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vui  PREFACE 

to  the  hundred  minerals  given  in  large  type.  Certain  other 
portions  of  the  book  would  also  be  disregarded  in  a  short 
course. 

On  the  other  hand,  Sections  16  to  19  of  Part  I  (crystal  measure- 
ment), Part  III  (crystal  optics),  and  Part  VII  (occurrence, 
origin,  and  association  of  minerals)  may  each  serve  as  the  basis 
for  an  advanced  course  in  the  subject  mentioned. 

The  distinctive  features  of  this  book  are: 

(1)  The  description  of  the  optical  and  microscopic  properties 
of  crushed  fragments,  cleavage  flakes,  and  recrystallized  products. 

(2)  Six  new  determinative  tables.  These  are  useful  in  getting 
the  student  familiar  with  the  terms  used  as  well  as  in  the 
actual  determination  of  minerals. 

(3)  A  numbered  list  of  the  occurrences  of  each  mineral,  estab- 
lishing what  the  author  calls  paragenetic  varieties. 

(4)  A  glossary  of  terms.  Synonyms  and  varieties  are  usually 
given  in  the  glossary  rather  than  in  the  text.  In  a  subject  like 
mineralogy  a  glossary  seems  almost  a  necessity. 

In  crystallography  symmetry  has  been  emphasized  and  the 
ideas  of  hemihedrism,  etc.,  abandoned,  though  these  terms  are  ex- 
plained. The  thirty-two  classes  are  included  for  the  sake  of 
completeness,  but  the  ten  important  ones  are  given  more  space 
than  the  others.  Groth's  names  of  the  thirty-two  classes  and 
von  Fedorow's  names  of  forms  are  used,  but  the  other  terms  in 
common  use  are  given  in  parentheses.  The  Miller  indices  have 
been  employed  exclusively. 

An  attempt  has  been  made  to  give  a  concise  logical  presenta- 
tion of  the  subject  of  crystal  optics,  beginning  with  the  nature  of 
light.  Some  of  the  figures  may  be  colored  by  the  student  for 
future  reference.  This  part  of  the  book  may  serve  as  an  intro- 
duction to  the  study  of  petrography. 

The  blowpipe  part  has  been  modelled  somewhat  after  Brush- 
Penfield's  excellent  manual.  A  qualitative  scheme,  especially 
applicable  to  minerals  in  that  calcium  phosphates,  borates,  and 
fluorid  are  provided  for,  has  been  included. 


PREFACE  IX 

In  Part  VI  the  order  of  the  minerals  is  like  that  of  Dana's 
System  of  Mineralogy  except  where  there  is  some  special  reason 
for  change.  The  silicates,  following  Klockmann,  Groth,  Nau- 
mann-Zirkel,  and  Renard  and  Stober,  are  placed  last.  The 
results  of  analyses  of  the  oxy-salts  (excepting  silicates)  are  stated 
in  terms  of  metals  and  acid  radicals  instead  of  in  the  usual  form 
of  basic  and  acid  anhydrids.  This  method  shows  the  variation, 
isomorphic  replacement,  and  molecular  ratios  as  well  as  the 
ordinary  method,  and  is  not  based  upon  antiquated  notions. 
In  stating  the  results  of  analyses  of  acid,  basic,  and  hydrous 
salts  the  water  percentage  is  given,  as  its  determination  is  often 
of  value  in  the  identification  of  minerals.  The  analyses  are 
taken  mainly  from  Hintze's  Handbuch  and  Dana's  System  (5th 
and  6th  editions). 

In  the  description  of  minerals  (Part  VI)  a  standard  form  of 
headings  has  been  used  for  convenience  of  reference.  Any  partic- 
ular point  may  easily  be  found. 

Free  use  has  been  made  of  other  books,  especially  those  men- 
tioned in  the  Select  Bibliography . 

I  am  greatly  indebted  to  Professor  James  Perrin  Smith  for  as- 
sistance in  reading  and  correcting  proof. 

Austin  F.  Rogers. 

Stanford  University, 
Apnly  1912. 
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INTRODUCTION 

Minerals  are  those  parts  of  the  earth's  crust  which  have  a 
definite  chemical  composition.  Such  substances  as  oil,  coal, 
clay,  and  soil  are  not  considered  as  minerals,  for  they  do  not 
have  a  definite  chemical  composition.  Rocks  such  as  granite, 
limestone,  sandstone,  etc.,  are  mixtures  of  minerals  though,  in  a 
few  cases,  they  are  composed  of  a  single  mineral.  Materials  of 
organic  origin  such  as  amber,  coal,  and  pearls  are  by  common 
consent  excluded,  but  petrifactions  formed  by  the  replacement 
of  organisms  by  minerals  are  included. 

About  a  thousand  definite  kinds  of  minerals  have  been  dis- 
covered, though  many  of  them  are  very  rare  and  are  confined  to 
one  or  two  localities.  It  is  with  the  two  hundred  more  common 
and  important  minerals  that  we  are  especially  concerned. 

The  purpose  of  this  book  is  to  explain  and  record  the  promi- 
nent characters  of  minerals  so  that  one  may  learn  to  recog- 
nize them  by  sight  or  by  simple  physical  and  chemical  tests  and 
also  to  discuss  their  uses  and  their  manner  of  occurrence. 

Minerals,  like  plants  and  animals,  have  characteristic  forms, 
though  they  are  not  the  result  of  growth  in  the  ordinary  sense 
of  the  term.  Nearly  all  minerals  under  favorable  conditions 
are  found  in  characteristic  geometric  forms  called  crystals,  which 
are  often  very  regular  and  beautiful.  They  have  very  appro- 
priately been  called  "  flowers  of  the  earth. ''  Though  often  seem- 
ingly unlimited  in  variety,  the  crystals  of  a  given  mineral  are  all 
derivatives  of  a  simple  type. 

Minerals  do  not,  however,  always  occur  in  distinct  isolated 
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crystals.  They  usually  consist  of  a  confused  aggregate  oi 
grains,  fibers,  or  plates.  Such  an  aggregate  is  said  to  be  crys- 
talline for  the  separate  particles  are  crystals  in  one  sense  of  the 
word,  that  is,  they  have  the  internal  structure  of  crystals.  After 
all  the  regular  arrangement  of  its  molecules  is  the  characteristic 
feature  of  a  crystal,  the  external  form  being  simply  an  outward 
expression  of  the  internal  structure. 

In  crystals  the  cohesion  between  particles  varies  with  the 
direction  and  hence  minerals  usually  break  more  easily  in  cer- 
tain directions  than  in  others.  This  property  is  known  as 
cleavage  and  is  useful  in  determining  minerals. 

The  subject  treating  of  action  of  light,  especially  polarized 
light,  upon  transparent  crystals  constitutes  crystal  optics,  or  if 
limited  to  minerals,  optical  mineralogy.  The  secrets  of  the  rocks 
revealed  by  the  polarizing  microscope  are  not  only  wonderful,  but 
are  also  useful  in  the  determination  of  minerals. 

One  of  the  most  fundamental  properties  of  minerals  is  the 
chemical  composition  and  hence  a  knowledge  of  chemistry  is  in- 
dispensable in  the  study  of  minerals.  For  the  sight  recognition 
of  minerals  various  physical  characters  are  important,  but  for 
identification  chemical  and  blowpipe  tests  are  often  necessary. 
The  blowpipe,  especially,  is  a  great  aid  in  rapid  testing.  It  can 
be  used  to  advantage  because  one  usually  knows  what  to  test  for 
and  can  readily  confirm  his  sight  determinations. 

The  economic  side  of  mineralogy  will  appeal  to  many  on 
account  of  its  practical  application.  The  history  of  mineralogy 
began  with  the  discovery  of  metallic  ores  and  other  useful 
minerals  and  the  study  of  mineralogy  as  a  pure  science  has  been 
kept  alive  principally  because  of  the  aid  it  has  given  in  the 
development  of  mineral  resources. 

Perhaps  the  most  fascinating  branch  of  mineralogy  is  that 
dealing  with  the  occurrence,  association,  and  origin  of  minerals. 
While  necessarily  a  thoroughly  scientific  subject  pursued  for 
its  own  sake  by  the  specialist,  its  use  in  determining  the  origin 
of  ores  will  give  it  a  standing  which  it  otherwise  might  not  have. 


PART  I 

THE  FORM  OF  MINERALS 

1.  THE  GENERAL  PROPERTIES  OF  CRYSTALS 

In  beginning  the  study  of  crystallography  the  student's  atten- 
tion may  be  directed  to  crystals  of  the  common  minerals  such  as 
calcite  (Figs.  151-162),  quartz  (Figs.  435-438),  pyrite  (Figs.  198- 
205),  gypsum  (Figs.  102-105),  and  orthoclase  (Figs.  90-93). 
Then  for  the  time  neglecting  how  they  were  formed  and  what 
they  are  composed  of,  their  form  or  geometrical  properties  may 
be  considered. 

Crystals  are  solids  bounded  by  flat,  more  or  less  smooth,  sur- 
faces called  faces.  Intersections  of  two  faces  are  called  edges, 
and  intersections  of  three  or  more  faces  are  called  vertices.  The 
number  of  faces  plus  the  number  of  vertices  is  equal  to  the  num- 
ber of  edges  plus  two.  (F  +  V  =  E  +  2) .  The  faces  of  crystals  vary 
greatly  in  number,  in  shape,  and  in  position.  On  many  crystals 
it  will  be  noticed  that  there  are  several  kinds  of  faces.  All  the 
faces  of  one  kind  on  a  crystal  constitute  a  form.  For  example  in 
Fig.  5,  the  top  and  bottom  six-sided  faces  constitute  one  form, 
and  the  six  rectangular  faces  another  form.  Some  crystals  have 
only  a  single  form,  but  most  of  them  are  combinations  of  two  or 
more  forms.  It  is  the  great  possible  number  of  combinations 
that  gives  the  variety  to  crystals,  for  there  is  no  limit  to  the 
number  of  forms  on  a  crystal. 

The  angles  on  any  crystal  are  the  plane  angles  of  the  faces,  the 
interfacial  or  dihedral  angles  over  the  edges,  and  the  solid  or  poly- 
hedral angles  at  the  vertices.  On  account  of  the  difficulty  of  ac- 
curate measurement  the  plane  angles,  though  characteristic,  are 
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little  used.  The  measurement  of  interfacial  angles  is  the  start- 
ing-point in  the  description  and  determination  of  crystals.  An 
interfacial  angle  (dihedral  angle  of  geometry)  is  defined  by  the 
plane  angle  formed  by  cutting  a  plane  normal  to  the  intersection 
edge  of  the  two  faces.  It  will  be  noticed  that  there  are  two  possi- 
ble angles  to  measure,  an  intei'nal  and  an  external  or  supplement 
angle.     For  various  reasons  the  supplement  angle  is  the  one  used 


Fia.  1. — Contact  goniometer. 

in  crystallography.  In  a  hexagonal  prism,  for  example,  the 
interfacial  angle  is  read  60°  instead  of  120°.  The  interfacial 
angle  may  be  measured  approximately  by  means  of  a  contact 
goniometer,  which,  in  the  simplest  type,  consists  of  a  semicircular 
cardboard  protractor  provided  with  a  celluloid  arm  (Fig.  1). 
The  plane  of  the  protractor  is  placed  perpendicular  to  the  inter- 
section edge.  One  face  of  the  crystal  is  brought  in  contact 
with  the  arm  and  the  protractor  is  revolved  until  the  other  face 
is  parallel  to,  but  not  quite  in  contact  with,  it. 
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One  of  the  most  striking  and  important  properties  of  crystals  is 
the  recurrence  of  the  faces,  edges,  and  vertices.  This  property 
of  recurrence  is  known  as  symmetry.  It  varies  for  different  kinds 
of  crystals,  and  is  the  basis  for  the  classification  of  crystals. 

The  arrangement  of  faces  in  belts  of  planes  with  parallel  inter- 
section edges  called  zones  is  another  notable  feature  of  crystals. 

On  looking  over  a  number  of  crystals  one  might  fail  to  see  any 
order,  system,  or  regularity  so  great  is  their  variety,  and  might 
decide  that  crystals  are  fortuitous  solids.  But  such  is  not  the 
case,  for  between  the  faces,  angles,  and  zones  of  crystals  there 
exist  exact  mathematical  relations.  Given  the  angles  between 
a  few  faces  of  a  crystal,  the  angles  between  any  two  of  the  many 
crystal  faces  possible  may  be  calculated.  Crystal  faces  intersect 
only  at  certain  definite  angles.  A  facet  cut  at  random  on  a  crys- 
tal is  not  a  crystal  face,  for  the  faces  are  the  result  of  a  definite 
internal  structure. 

The  practical  importance  of  crystallography  lies  in  the  fact 
that  a  given  mineral  or  artificially  prepared  compound  occurs  in 
crystals  characteristic  of  that  substance,  and  hence  the  crystal 
form  may  often  be  used  in  the  determination  of  the  substance. 

2.  THE  SYMMETRY  OF  CRYSTALS 

The  repetition  of  the  faces,  interfacial  angles,  and  vertices  of 
crystals  in  accordance  with  some  fixed  law  is  called  symmetry. 
Symmetry  is  perhaps  the  most  important  property  of  crystals, 
for  among  natural  objects  it  is  a  property  peculiar  to  crystals,  and 
besides  furnishes  the  basis  for  the  classification  of  crystals. 

The  symmetry  of  a  crystal  may  be  defined  by  the  operations 
necessary  to  bring  it  into  coincidence  with  its  original  position. 
The  symmetry  operations  are  rotation  about  an  axis,  reflection 
in  a  plane,  and  a  combination  of  rotation  with  reflection  (rota- 
tory-reflection) . 

If  a  solid  can  be  revolved  about  some  line  through  its  center  so 
that  similar  faces  recur  a  certain  number  of  times  in  a  complete 
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revolution,  that  line  is  called  an  axis  of  symmetry  (denoted  by  A). 
In  crystals  the  period  of  the  axis  or  the  number  of  times  of  recur- 
rence is  either  two  (2),  three  (3),  four  (4),  or  six  (6).  An  axis 
about  which  similar  faces  recur  every  180°  is  said  to  be  a  two-fold 
axis  (Aj) ;  every  120°,  a  three-fold  axis  (Ag) ;  every  90°,  a  four- 
fold axis  (AJ;  and  every  60°,  a  six-fold  axis  (Ag).  Figs.  2,  3,  4, 
and  5  illustrate  these  various  axes  of  symmetry.     The  vertical 


Fm.  2. 


Fig.  3.  Fig.  4. 

Representing  axea  of  symmetry. 


Fig.  5. 


lines  through  the  center  are  the  axes  of  symmetry.  The  plane 
figures  above  are  plans  showing  the  amount  of  rotation  necessary 
to  bring  the  figures  into  self-coincidence. 

A  plane  that  divides  a  solid  into  two  parts  so  that  similar  faces 
occur  on  opposite  sides  of  the  plane  is  called  a  plane  of  sjrmmetry 
(denoted  by  P).  Fig.  6  represents  an  orthoclase  crystal  in  which 
the  shaded  area  is  a  plane  of  symmetry.  The  faces  are  either 
perpendicular  to  this  plane,  or  occur  in  pairs,  one  on  each  side  of 
it.  A  crystal  may  have  several  planes  of  symmetry.  A  cube, 
for  example,  has  nine,  three  perpendicular  to  the  faces  and  six 
through  the  edges. 
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The  recurrence  of  similar  faces  by  rotation  about  an  axis  com- 
bined with  reflection  in  a  plane  is  called  composite  symmetry 
(denoted  by  ^).  The  period  of  the  axis  may  be  2,  4,  or  6,  but 
never  3.  The  particular  operation  denoted  by  ^2  is  called 
inversion.  As  may  be  seen  from  Fig.  7  the  front  part  of  the  crys- 
tal if  revolved  180°  becomes  the  reflection  of  the  rear  part  (dotted 
lines).  A  solid  which  is  brought  into  self-coincidence  by  inver- 
sion is  said  to  have  a  center  of  symmetry  (denoted  by  C) ,  for  a  line 
drawn  from  any  point  through  the  center  encounters  an  exactly 
similar  point  on  the  opposite  side.     Fig.  7  represents  a  crystal 


Fig.  6. — ^Plane  of  symmetry. 


Fig.  7. — Center  of  symmetry. 


of  axinite  with  a  center  of  symmetry.  Every  face  has  a  similar 
parallel  face  on  the  opposite  side  of  the  crystal.  This  is  the 
easiest  test  for  a  center  of  symmetry.  In  Fig.  8  the  vertical  line 
is  an  axis  of  four-fold  composite  symmetry,  for  the  upper  part  of 
the  crystal  revolved  90°  is  a  reflection  of  the  lower  part.  Simi- 
larly the  vertical  line  in  Fig.  9  is  an  axis  of  six-fold  composite 
symmetry. 

Axis,  plane,  and  composite  axis  with  plane  are  collectively 
known  as  elements  of  symmetry.  In  crystals  the  elements  of 
symmetry  are  combined  in  various  ways.  With  the  limitation 
imposed  by  the  rationality  of  the  indices,  or  with  the  assumption 
of  a  crystal  structure  made  up  of  particles  at  small,  finite  dis- 
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tances  apart  only  axes  of  2-,  3-,  4-,  and  6-fold  symmetry  are  pos- 
sible, and  in  fact  no  other  axes  of  symmetry  have  ever  been  found 
in  crystals.  Various  methods  of  combining  the  axes  of  symmetry 
with  each  other,  and  with  planes  of  symmetry,  lead  to  the  result 
that  only  thirty-two  kinds  of  symmetry  are  possible  among 
crystals.  These  thirty-two  combinations  of  symmetry  elements 
constitute  the  thirty-two  crystal  classes. 

In  the  above  discussion  the  term  similar  faces  has  been  used  so 
often  that  an  explanation  is  necessary.     By  similar  faces  are 


Fia.  8 — JP^. 


Fia.  9.—JPf 


meant  faces  which  are  more  or  less  alike  in  shape,  size,  and  ap- 
pearance. On  crystals  which  have  been  formed  quietly  without 
disturbing  influences  similar  faces  have  the  same  size  and  shape. 
But  on  account  of  various  external  influences  similar  faces  are 
rarely  exactly  of  the  same  size  and  shape.  The  effect  of  external 
influences  may  be  illustrated  by  alum  which  crystallizes  in  octa- 
hedrons. Alum  crystallizing  on  the  bottom  of  a  beaker  will  form 
in  more  or  less  flattened  octahedrons  like  Fig.  11,  while  if  it 
crystallizes  about  a  weighted  string  suspended  in  the  solution, 
the  crystals  will  be  more  or  less  perfect  octahedrons  like  Fig.  10. 
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The  irregularity  in  the  size  and  shape  of  similar  faces  is  one 
difficulty  in  the  study  of  crystals.  While  the  faces  may  vary  the 
angles  are  quite  constant,  as  is  expressed  in  the  law  of  constancy 


Fig.  10. 


Fia.— 11. 


Alum  crystals. 


of  interfacial  angles:  ''In  all  crystals  of  the  same  substance  the 
angles  between  corresponding  faces  are  constant."  So  that  for 
many  crystals  the  interfacial  angles  must  be  measured  in  order  to 
determine  the  symmetry.  Thus  the  crystals  represented  in 
cross-section  by  Figs.  12,  13,  14  are  bounded  by  hexagonal  prisms 


Fig.  13. 


Fig.  14. 


Fig.  15. 


and  have  an  axis  of  six-fold  symmetry  if  the  interfacial  angles  are 
all  60°.  On  the  other  hand,  the  crystal  represented  in  cross- 
section  by  Fig.  15,  though  apparently  a  hexagonal  prism,  is  a 
combination  of  two  forms  (a  rhombic  prism  and  a  pinacoid) ,  and 
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has  an  axis  of  two-fold  symmetry  because  the  interfacial  angles 
are  62°  and  56°. 

Another  property  of  crystals  used  in  determining  symmetry  is 
the  physical  character  of  the  faces.  So  that  crystallography  is 
by  no  means  merely  a  branch  of  geometry.  Similar  faces  are 
those  with  the  same  luster,  the  same  kind  of  striations,  pits,  or 
other  markings.  Geometrically  a  cube  has  nine  planes  of  sym- 
metry, three  parallel  to  the  cube  faces,  and  six  through  the  cube 
edges,  but  a  cube  of  pyrite  with  striations  like  those  of  Fig.  16 
has  only  three  planes  (those  parallel  to  the  cube  faces).     A  crys- 


Fia.  16. 
Pyrite. 


Fio.  17. 
Sphalerite. 


Fig.  18. 
Apophyllite. 


tal  of  sphalerite  represented  by  Fig.  17  is  geometrically  an  octa- 
hedron, but  crystallographically  it  is  a  combination  of  two  tetra- 
hedrons, one  with  smooth  faces,  the  other  with  striated  faces. 
Fig.  18  illustrates  another  good  example  of  this  kind.  Apophyl- 
lite occurs  in  crystals  which  are  apparently  cubes  modified  by  the 
octahedron.  Close  examination,  however,  shows  that  the  side 
faces  are  striated  and  have  a  vitreous  luster,  while  the  top  and 
bottom  faces  are  smooth  and  have  a  pearly  luster.  The  forms, 
then,  are  a  piiiacoid  and  square  prism  instead  of  a  cube.  The 
apparent  octahedron  is  in  reality  a  tetragonal  bipyramid  or  a 
double-ended  square  pyramid. 


3.  THE  FORMS  OF  CRYSTALS 

The  similar  faces  of  a  crystal  constitute  a  form,  form  being  used 
here  in  a  special  technical  sense.  Similarity  of  faces  on  many 
crystals  may  be  observed  at  a  glance,  but  for  others  not  only 
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careful  examination  and  measurement,  but  also  etching  with  some 
solvent  is  necessary.  Similar  faces  will  have  the  same  kind  of 
etch-figures  (see  page  108). 

There  are  many  kinds  of  forms.  The  most  logical  method  is 
to  name  the  forms  according  to  their  shape,  regardless  of  their 
position  on  the  crystal.     A  single  face  is  a  pedion  (Fig.  19).     Two 


FiQ.  19.— Pedion.      Fig  20.— Pinacoid.         Fig.  21.-^Dome.      Fig  22.— Sphenoid. 


Fig.  23.  Fig.  24.  Fig.  25. 

Ditrigonal  prism.     Di tetragonal  prism.     Dihexagonal  prism. 

parallel  faces  constitute  a  pinacoid  (from  the  Greek  word  for  a 
board).  Fig.  20.  Two  non-parallel  faces  are  called  a  dome 
(Latin  word  for  house)  Fig.  21,  if  astride  a  plane  of  symmetry,  but 
a  sphenoid  (Greek  word  for  wedge).  Fig.  22,  if  not  astride  a  plane 
of  symmetry. 


26 


27 


28 


29 


30 
Rhombic. 


31 
Trigonal. 


32 
Tetragonal. 


33 
Hexagonal 


37 
Di  trigonal. 

Fiaa.  26-89.- 


38  39 

Ditetragonal.  Dihexagonal. 

-Pyramidfl  and  bipyramids. 
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Next  we  have  three,  four,  six,  eight,  or  twelve  similar  faces  in 
one  zone.  These  are  called  prisms  and  are  distinguished  according 
to  their  cross-section  as  trigonal  (Fig.  2),  rhombic  (Fig.  3),  tetrag- 
onal (Fig.  4),  hexagonal  (Fig.  5),  ditrigonal  (Fig.  23),  ditetrag- 
onal  (Fig.  24),  and  dihexagonal  (Fig.  25).     Pyramids  are  similar 


Fig.  40. 


Fig.  41. 


Fig.  42. 


faces  intersecting  in  a  point.  They  are  defined  by  the  shape  of 
the  cross-section  just  as  the  prisms  are.  See  Figs.  26  to  29,  and 
34  to  36.  Bipyramids,  geometrically  considered,  are  two  pyramids 
placed  end  to  end.     They  are  defined  by  cross-section  just  as 

prisms    and    pyramids    are.      See 
Figs.  30  to  33  and  37  to  39. 

Trapezohedrons  are  double-ended 
forms  with  the  symmetry  A^-nA^^ 
They  are  distinguished  as  trigonal 
(Fig.  40),  tetragonal  (Fig.  41),  or 
hexagonal  (Fig.  42),  according  to 
the  cross-section.  Bisphenoids  are 
forms  consisting  apparently  of  two 
sphenoids  placed  together  sym- 
metrically. They  are  called  rhom- 
bic (Fig.  48) ,  or  tetragonal  (Fig.  8) ,  according  to  cross-section. 
A  rhombohedron  is  a  form  consisting  of  six  rhombic  f acea#  three 
at  each  end  of  a  six-fold  axis  of  composite  symmetry  (Fig.  9) . 
It  is  like  a  cube  distorted  along  one  of  its  diagonals.  Scalenohed- 
rons   are  double-ended  forms  consisting  of  scalene  triangular 


Fig.  43. 


Fio.  44. 
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faces  meeting  in  zigzag  edges.  They  are  distinguished  by  their 
cross-section  as  ditrigonal  (Fig.  43),  and  ditetragonal  (Fig.  44). 

There  are  fifteen  more  kinds  of  forms  which  are  restricted  to 
the  isometric  system.  Some  of  these  such  as  cube,  octahedron, 
and  tetrahedron  are  simple,  but  as  most  of  them  are  complicated, 
their  description  is  deferred  until  the  isometric  system  is  taken 
up. 

Of  the  above  mentioned  forms,  the  pyramids,  prisms,  pina- 
coid,  dome,  sphenoid,  and  pedion  cannot  occur  by  themselves; 
and  for  that  reason  are  called  open  forms.  All  the  others  are 
called  closed  forms  for  they  enclose  space  of  themselves. 


Fm.  45.  Fig.  46.  Fia.  47.  Fig.  48. 

Congruent  tetrahedra.  Enantiomorphous  rhombic  bisphenoids. 

Two  forms  are  said  to  be  congruent  if  one  of  them  may  be 
made  coincident  with  the  other  by  rotation.  For  example,  the 
tetrahedra  of  Figs.  45  and  46  are  congruent.  Two  forms  are  said 
to  be  enantiomorphous  if  they  are  non-superposable  and  the 
mirror-image  of  each  other.  The  rhombic  bisphenoids  of  Figs. 
47  and  48  are  enantiomorphous.  Two  forms  are  said  to  be  com- 
plementary when  their  combination  is  geometrically  indistin- 
guishable from  another  kind  of  form.  For  example,  the  two 
tetrahedra  of  Fig.  17  are  complementary,  for  geometrically  they 
form  an  octahedron. 

Another  method  of  naming  forms  that  is  in  general  use  is 
based  upon  the  position  of  faces  with  respect  to  the  axes  of  ref- 
erence (q»v.).    Thus  a  pinacoid  is  defined  as  a  form  that  cuts  one 
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axis  and  is  parallel  to  the  other  two.  A  prism  is  defined  as  a 
form  that  is  parallel  to  the  vertical  axis  and  cuts  the  other  two. 
A  form  that  is  parallel  to  one  of  the  lateral  axes  and  cuts  the  other 
two  is  a  dome.  A  form  that  cuts  all  three  axes  is  in  general 
called  a  pyramid.  A  pyramid  developed  at  only  one  end  of  the 
vertical  axes  is  known  as  a  hemimorphic  pyramid.  In  the  mono- 
clinic  and  triclinic  systems  the  names  of  forms  are  based  upon  the 
analogy  of  these  systems  with  that  of  the  orthorhombic.  For 
example,  in  the  monoclinic  system  {hkl}  is  called  a  hemi-pyramid 
because  there  are  one-half  as  many  faces  as  in  the  corresponding 
form  of  the  orthorhombic  system  while  {hkl}  in  the  triclinic  system 
is  a  tetarto'pyramidy  there  being  but  two  faces  instead  of  eight. 
In  the  monoclinic  system  {hOl}  is  a  hemi-dome  because  [hOl]  in 
the  orthorhombic  system  is  a  dome.  In  the  triclinic  system* 
[hkO]  is  a  hemi-prism  consisting  of  two  opposite  parallel  faces 
instead  of  the  four  faces  of  the  prism  {AfcO}  of  the  orthorhombic 
system.  But  as  said  before  the  logical  names  of  forms  are  based 
upon  their  shape  and  not  upon  their  position  on  the  crystal. 

4.  THE  SYMBOLS  OF  CRYSTAL  FACES 

Crystal  measurement  proves  that  exact  mathematical  relations 
exist  between  crystal  faces.  To  make  use  of  this  fact  the  posi- 
tion of  crystal  faces  is  defined  by  the  method  of  analytic  geome- 
try, which  consists  in  referring  them  to  three  (in  one  case,  four) 
suitably  chosen  coordinate  axes  passing  through  the  center  of  the 
crystal.  These  axes  are  called  axes  of  reference  to  distinguish 
them  from  axes  of  symmetry.  The  selection  of  these  axes  is 
more  or  less  arbitrary,  but  they  are  chosen  so  as  to  yield  the 
simplest  relations  possible.  They  are  therefore  lines  parallel  to 
prominent  edges,  which  are  usually  either  axes  of  symmetry  or 
normals  to  planes  of  symmetry. 

Any  face  may  be  defined  by  its  intercepts  on  the  axes  of  refer- 
ence. In  Fig.  49  the  axes  are  the  dot-and-dash  lines  OX,  OY, 
and  OZ  intersecting  at  the  origin,  0,     The  intercepts  of  the  plane 
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ABC  (extension  of  the  face  m)  are  OA,  OB,  and  OC.     The  inter- 
cepts of  the  plane  HKL  (extension  of  the  face  n)  are  OH,  OK, 

and  OL.      Now  it  has 
7  been    found     that    the 

',C  ratios  OA: OH,  OB: OK, 

and  OC :  OL  on  any  one 
crystal  are  usually  simple 
rational  numbers  such  as 
1:3,  1:2,  1:1,  2:1,  4:1, 
etc.,  while  the  ratios 
OA:OB:OC  and  OH: 
OK:OL  are,  in  general, 
irrational.  In  Fig.  49,  the 
ratios OA:OH  =  1:2,  OB: 
OK  =  l:l,OC:OL  =  3:2. 
In  the  case  of  the 
mineral  barite  the  rela- 
tive intercepts  of  some  of 
the  faces  are  as  follows 
(the  letters  referring  to 
Fig.  50) : 


Letter 

m 

a 

u 

d 

I 

c 

o 

y 


.    Fig  49. 

Intercepts 

0.815:  l:oo 
0.815:  00  :oo 
0.815:  00:1.313 
0.815:  00 : 0.656 
0.815:  00:0.328 
00  :  00:1.313 
00  :  1:1.313 
0.815:0.5:0.656 
0.815:     1:1.313 


Weiss  symbols 

a:     hiccc 

aioobiQOc 

aiQcbic 

a:oob:ic 

a:oo6:ic 

ooa:  oo6:c 

ooa:     b:c 
a:  J  6:Jc 
a:     b:c 


Miller  indices 

110 
100 
101 
102 
104 
001 
Oil 
122 
111 


The  expressions  for  the  intercepts  are  cumbersome.  A 
simple  method  of  notation  is  suggested  by  the  fact  that  these 
values  for  different  faces  are  in  the  ratio  of  simple  rational 
numbers.     We  may  select  the  expression  for  one  of  these  faces 
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Fig.  50. — Barite  crystal. 


as  a  standard  and  represent  the  other  faces  by  the  simple  num- 
bers. In  barite  the  face  z  with  the  intercepts  0.815: 1 : 1.313  has 
been  taken  as  the  unit  face.  This  establishes  the  axial  ratio  as 
a:6:c  =  0.815:l:1.313. 

The  symbols  for  the  other 
faces  may  be  written  as  in  the 
second  column.  These  are  called 
the  Weiss  symbols  from  the  name 
of  the  German  crystallographer 
who  devised  them  (1818).  As 
the  order  a,  &,  c  is  always  un- 
derstood these  letters  may  be  omitted  and  as  infinity  gives 
trouble  in  mathematical  calculations,  the  reciprocal  values  of 
the  ratios  may  be  used.  We  then  have  the  symbols  of  the  third 
column.  If  O A :  OB :  OC  are  the  intercepts  of  a  unit  face  the  sym- 
bol of  another  face  with  the  intercepts  OH:OK:OL  is  hkl  in  the 

.      OA  OB  00 
expression  Qg:Qj^:^  = 

h:k:l.  The  three  simplest 
whole  numbers  that  ex- 
press this  ratio  are  called 
the  Miller  indices,  as 
Miller,  formerly  professor 
of  mineralogy  at  the 
University  of  Cambridge, 
was  the  first  to  make 
extensive  use  of  this 
method. 

The  symbol  hkl  is  an 
algebraic  expression 
standing  for  certain  num- 
bers and  so  is  called  a  type  symbol.  Besides  a  face  that  cuts 
all  three  axes  of  reference  we  have  the  faces  hkOy  AOZ,  and  Okl 
each  of  which  cuts  two  axes  and  is  parallel  to  the  third  and  hOO 
(100),  OfcO(OlO),  and  OOZ(OOl)  each  of  which  cuts  one  axis  and  is 

2 


Fig.  51. — ^The  seven  type  faces. 
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parallel  to  the  other  two.  These  constitute  the  seven  so-called 
type  symbols  and  are  represented  in  Fig.  51.  (Fig.  557,  page  413, 
represents  an  olivine  crystal  with  seven  actual  type  forms.)  As  in 
analytic  geometry  the  front,  right,  and  top  ends  of  the  axes  are 
considered  as  positive,  while  the  back,  left,  and  bottom  ends  are 
considered  as  negative.  A  negative  in4ex  is  indicated  by  a  line 
over  the  letter.  There  are  eight  planes  which  cut  the  axes  at  the 
same  relative  distances,  but  in  different  octants.  They  are  hkl, 
hklj  hklj  hklj  hkl,  hid,  hkl,  and  hkl.     These  symbols  as  just 

written  are  face -symbols. 
The  symbol  of  one  face 
hkl  may  be  taken  to  repre- 
sent the  form.  The  form- 
symbol  is  often  written 
^  with  brackets  {hkl}  to 
distinguish  it  from  a  face- 
symbol  hkl  or  {hkl).  In 
order  to  determine  the 
type  symbol  it  is  only 
necessary  to  write  the 
indices  h,  fc,  I,  in  the  order 
of  the  axes  a,  6,  c,  substi- 
tuting 0  when  the  face  is  parallel  to  an  axis.  In  writing  type 
symbols  the  reciprocal  idea  may  be  disregarded. 

The  determination  of  the  symbol  involves  calculation  by  means 
of  trigonometry,  or  the  corresponding  graphical  solutions.  A 
simple  case  is  illustrated  by  Fig.  52.  Here  we  have  a  rectangular 
zone  of  QikO)  faces,  a,  m,  r,  6,  where  a  is  (100)  and  h  is  (010),  the 
axes  of  reference  being  parallel  to  these  two  faces.  Assuming 
m  to  be  (110)  the  problem  is  to  determine  the  symbol  of  r. 
Move  r  parallel  to  itself  until  r  and  m  intersect  the  a-axis  at  a 
common  point.  Then  the  intercept  of  r  on  the  6-axis,  it  may 
be  seen,  is  one-third  of  that  of  m.  The  intercepts  of  the  r-f  ace 
are  la:  J6:ooc  or  \a:\h:\c.  The  Miller  indices  are  (130)  (read 
one,  three,  zero). 


FiQ.  52. — Graphic  determination  of  indices. 
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The  law  of  the  rationality  of  the  indices,  which  has  been 
established  by  the  measurement  of  thousands  of  crystals,  is  the 
foundation  of  geometrical  crystallography.  The  axial  ratio  for 
a  given  substance  having  once  been  established  by  a  unit  face, 
all  the  other  possible  faces  may  be  predicted,  for  their  interfacial 
angles  can  be  calculated  by  the  formulae  of  plane  and  spherical 
trigonometry. 

Why  the  symbol  (111),  in  the  case  of  barite  for  example,  does 
not  represent  a  face  that  cuts  the  three  axes  at  equal  lengths  is 
one  of  the  most  difl&cult  points  for  the  student  of  crystallography 
to  comprehend.  Several  illustrations  may  clear  up  this  point. 
Take  two  cities  laid  out  according  to  different  plans.  Say  in  one, 
the  blocks  are  475  feet  long  and  325  feet  wide,  and  in  the  other 
650  feet  long  and  300  feet  wide.  A  pedestrian  on  inquiring  about 
a  certain  building  in  each  place  might  be  directed  to  go  two  blocks 
north  and  three  blocks  east.  Yet  the  actual  distance  for  him  to 
walk  in  the  two  cities  would  be  different  for  the  lengths  of  the 
blocks  are  different.  The  lengths  of  the  blocks  are  on  record  in 
the  city  engineer's  office,  but  the  pedestrian  is  not  directly  con- 
cerned with  them,  but  with  the  directions  given  him.  The  axial 
ratios  for  crystals  are  established  and  on  record  in  reference 
books,  but  in  the  description  of  the  various  crystal  faces  and  forms 
use  is  always  made  of  Miller  indices  or  other  symbols  rather  than 
of  the  actual  intercepts  of  the  faces. 

Another  analogous  case  that  will  appeal  to  the  student  of  chem- 
istry is  the  law  of  definite  proportions  and  the  law  of  multiple 
proportions.  In  the  chemical  formulae,  CuO  and  CujO,  CuO 
means  that  there  are  63.6  parts  (by  weight)  of  copper  and  16 
parts  of  oxygen,  while  CujO  means  that  there  are  127.2  (2x63.6) 
parts  of  copper  and  16  parts  of  oxygen.  The  atomic  weights 
have  been  determined  and  are  given  in  tables,  but  they  are  not 
expressed  in  chemical  formulae. 

In  order  that  the  symbols  may  be  as  simple  as  possible  it  has 
been  found  convenient  to  have  six  kinds  of  axes  of  reference,  to 
some  one  of  which  the  crystals  of  every  known  substance  are 
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referred.  The  axes  of  reference  differ  in  relative  length  and  also 
in  their  inclinations  to  each  other.  In  one  case  four  axes  are 
used  instead  of  three.  The  kinds  of  axes  of  reference  serve  as  a 
basis  for  the  crystal  systems,  which  are  defined  in  the  next 
section. 


6.  THE  CLASSIFICATION  OF  CRYSTALS 

The  modern  classification  of  crystals  is  based  upon  symmetry. 
.Only  axes  of  2-fold,  3-fold,  4-fold,  and  6-fold  symmetry  have  ever 
been  found  on  crystals.  With  this  limitation  it  may  be  demon- 
strated that  only  thirty-two  combinations  of  symmetry  elements 
are  possible.  A  rigid  mathematical  proof  will  not  be  given  here, 
but  the  following  table  shows  the  relation  between  the  various 
combinations.  A  single  axis  alone  (singular  axis)  gives  the  five 
classes  of  row  1.  For  the  sake  of  completeness  the  axis  of  one- 
fold symmetry  (A J  is  included. 


1         A, 

A, 

A. 

'A, 

A. 

2    (A.-IA,) 

x\.2*'u-^2 

A,-3A, 

A,-4A2 

A,-6A, 

3       A,-P 

A^P 

A,P 

A.P 

A.P 

4     (A.-IP) 

A2-2P 

A,-3P 

A,-4P 

A.-6P 

5  (A,-Aj-2P) 

A2-2A2-3P 

A,-3Aj-4P 

A,-4A2-5P 

A,-6Aj-7P 

6 

JP, 

^4 

JP, 

7 

■ 

^,-2A2-2P 

^(,-3A,-3P 

If  this  axis  has  combined  with  it  an  axis  of  2-fold  symmetry, 
there  must  be  as  many  of  these  axes  as  the  period  of  the  singular 
axis  indicates.  We  then  have  the  five  classes  of  row  2,  but 
Ai  1 A2  is  the  same  as  Aj.     The  singular  axis  of  row  1  may  have  a 
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plane  of  symmetry  perpendicular  to  it  which  gives  the  five 
classes  of  row  3.  If  the  planes  of  symmetry  are  through  the 
singular  axis  there  must  be  n  of  them  for  A^.  Thus  we  have 
row  4,  but  Af  IP  is  the  same  as  A^P.  Combining  the  first  four 
rows  in  various  ways  we  have  row  5.  Rows  6  and  7  represent 
axes  of  composite  symmetry  combined  in  various  ways.  It  will 
be  noted  that  there  is  no  composite-  axis  of  3-fold  (or  one-fold) 
symmetry.  A^  of  row  1  is  really  no  symmetry  at  all  while  A^-P  is 
simply  a  plane  of  symmetry  by  itself.  By  combining  several  axes 
with  periods  greater  than  2  we  have  five  more  classes:  3A2*4A3; 
3A4-4A3-3A2;  3A2-4A3-3P;  3A2-4A8-6P  and  eA^AA^SA^'QF. 

These  constitute  the  thirty-two  crystal  classes.  Examples  of  all 
of  these  but  one  (Ag'P)  have  been  found  either  among  minerals, 
or  compounds  made  in  the  laboratory.  It  is  interesting  to 
note  that  just  as  Mendel6ef,  the  Russian  chemist,  predicted  the 
existence  and  even  the  properties  of  several  chemical  elements 
by  the  discovery  of  the  periodic  law,  so  Hessel,  a  German  mathe- 
matician, in  1830  predicted  the  thirty-two  crystal  classes  when 
representatives  of  only  seventeen  of  them  were  known. 

The  table  on  pages  22-3  gives  the  name  of  the  class,  the  number 
of  faces  in  the  general  form,  the  symmetry,  and  typical  examples 
of  minerals  and  prepared  compounds.  The  name  of  the  form 
with  the  symbol  {hkl}  or  {hkil}j  or  the  general  form  as  it  is 
called,  gives  the  name  to  the  class.  In  contradistinction,  the 
other  forms  are  called  limit  forms.  This  term  may  be  explained 
by  considering  a  pyramidal  face  (hkl).  By  increasing  its  inter- 
cept on  the  vertical  axes  it  becomes  steeper  and  steeper,  its  limit 
in  this  case  being  the  prism  (hkO).  By  decreasing  its  intercept 
on  the  vertical  axis  it  becomes  less  steep,  its  limit  in  this  case 
being  the  pinacoid  (001). 

The  forms  corresponding  to  the  type  symbols  in  any  class  may 
be  found  from  the  symmetry  by  a  graphical  method.  Indicate 
the  a-  and  6-axes  by  two  dotted  lines  at  right  angles,  their  inter- 
section being  the  projection  of  the  c-axis.  Then  indicate  the 
symmetry  elements  in  their  proper  positions  by  the  following 
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conventions.  A  full  line  represents  a  plane  of  symmetry.  If 
the  plane  of  the  paper  is  a  plane  of  symmetry  draw  a  heavy  circle 
of  convenient  diameter.  Denote  axes  of  2-,  3-,  4-,  and  6-fold 
symmetry  by  small  ellipses,  triangles,  squares,  and  hexagons. 
As  an  example  let  it  be  required  to  find  the  forms  represented  by 
the  type  symbols  of  the  rhombic  pyramidal  class  with  the  sym- 
metry, A2*2P.  In  Fig.  53  the  two  planes  of  symmetry  are  repre- 
sented by  two  full  lines  which  coincide  with  the  projection  of 

the  axes,  a  and  6.     Their 


N 


^ 


^  intersection  is  the  axis 

X  of   two-fold    symmetry. 

Projections  of  the  faces 
in  the  upper  octants  are 

^  ^"ooi  ^W      ^^^^     small     crosses.       Faces 

parallel  to  the  vertical 

-  -  axis    may  be  indicated 

%  hOl  by  arrows.     The  general 

X  ^A*0       form   of   this  class  is  a 

rhombic    pyramid,     for 
Fig.  63.-Graphkai^m^^^^^^  ^j^^   Symmetry  requires 

(hkl),  (hkl),  and  Qikl)  to 
accompany  (hkl).  For  a  face  (Okl),  the  symmetry  requires  (Okl); 
the  form,  then,  is  a  dome.  Similarly  {hOl}  is  a  dome;  {hkO}  is 
a  rhombic  prism;  {100}  and  {010}  are  each  pinacoids,  while 
{001}  is  a  pedion  consisting  of  a  single  face.  In  the  lower  half 
of  the  crystal  {hkl}  is  a  rhombic  pyramid;  {Okl]  and  {hOl} ,  domes; 
while  {001}  is  a  pedion.  The  forms  on  the  lower  half  of  the 
crystal  in  this  case  are  independent  of  those  on  the  upper  half. 

Certain  classes  have  properties  in  common  and  may  be 
assembled  in  larger  groups  called  systems.  The  first  two  classes 
have  no  directions  fixed  by  symmetry,  class  1  having  no  sym- 
metry at  all,  while  in  class  2  any  direction  is  an  axis  of  2-fold 
composite  symmetry.  These  two  classes  constitute  the  tri- 
clinic  system.  Classes  3,  4,  and  5  each  have  one  direction  fixed 
by  symmetry,  either  an  Aj  or  a  line  normal  to  P.     These  three 
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classes  constitute  the  monoclinic  system.  Classes  6,  7,  and  8 
have  three  directions  at  right  angles  which  are  fixed  by  sym- 
metry. They  constitute  the  orthorhombic  system.  Classes  .9 
to  15  have  one  direction  of  4-fold  symmetry  (including  two 
classes  with  composite  symmetry)  and  constitute  the  tetragonal 
system.  Classes  16  to  27  have  one  direction  of  either  3-fold  or 
6-fold  symmetry  and  constitute  the  hexagonal  system.  The 
isometric  system  consists  of  five  classes  each  with  four  directions 
of  3-fold  symmetry.  Except  for  the  isometric  system .  these 
fixed  directions  are  axes  of  reference. 

The  axes  of  reference  for  the  various  systems  are  as  follows: 

Triclinic.  Three  non-interchangeable  axes  at  oblique  angles. 
Fig.  108,  page  38. 

Monoclinic.  Three  non-interchangeable  axes,  two  at  oblique 
angles,  the  third  at  right  angles  to  the  plane  of  these  two.  Fig. 
82,  page  32. 

Orthorhombic.  Three  non-interchangeable  axes  at  right 
angles.     Fig.  62,  page  27. 

Tetragonal.  Three  axes  at  right  angles,  two  of  which  are 
interchangeable.     Fig.  Ill,  page  39. 

Isometric.  Three  interchangeable  axes  at  right  angles.  Fig. 
175,  page  55. 

Hexagonal.  Four  axes,  one  at  right  angles  to  three  inter- 
changeable ones  which  are  in  one  plane  and  intersect  each  other 
at  angles  of  120°.     Fig.  132,  page  44. 

The  forms  of   the  crystal  class  with  the         _^^^-^ 7 

highest  grade  of  symmetry  in  each  system      Vv      /'  /   '\       / 
are    sometimes    called    holohedral   or  whole      \X.   /         '\/ 

forms,  while  many  of  the  forms  of  the  classes         v    ^ /'/ 

of  lower  grade  of  symmetry  are  called  hemi-  V^^N^    / 

hedral  or  half  forms,  because  they  have  half  ^"^^ 

the  number  of  faces  of  the  holohedral  forms.        p^^   53a.— Tetrahe- 
There  is  a  geometrical  resemblance  between     dron  derived  from  the 
these  two  kinds  of  forms.     A    tetrahedron     °^     ®  ^^' 
is   the  hemihedral   form   of   an   octahedron,   for   it    may    be 
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derived  by  extending  alternate  faces  and  suppressing  the  others 
as  in  Fig.  53a.  A  cube  has  no  hemihedral  form,  or  rather 
the  hemihedral  and  holohedral  cubes  are  geometrically  identical, 
for  the  suppression  of  alternate  octants  still  leaves  the  cube 
(see  Figs.  58-61) . 

The  symmetrical  suppression  of  the  faces  of  the  general  forms 
of  the  six  holohedral  classes  gives  rise  to  twenty-six  divisions. 
These  together  with  the  six  holohedral  divisions  lead  to  the 
thirty-two  classes  before  mentioned.  The  general  forms  of  the 
five  isometric  classes  may  be  derived  from  the  hexoctahedron 


55 


56 


67 


58 


59  60 

Fios.  64-61. — To  illustrate  hemihedrism. 


61 


thus:  The  suppression  of  faces  of  alternate  octants  (Fig.  56) 
gives  the  hextetrahedron,  the  suppression  of  alternate  faces 
(Fig,  56)  gives  the  gyroid,  the  suppression  of  faces  in  pairs  astride 
the  planes  of  symmetry  (Fig.  54)  gives  the  diploid,  while  the  com- 
bination of  any  two  of  these  methods  (Fig.  57)  gives  a  twelve- 
sided  figure  called  the  tetartoid.  As  this  form  has  one-fourth  the 
number  of  faces  of  the  hexoctahedron  it  is  called  a  tetartohedral 
or  quarter  form.  Figs.  58  to  61  show  that  the  cube  is  common  to 
all  five  isometric  classes. 

As  hemihedrism  is  due  to  the  symmetrical  suppression  of  faces 
it  is  mainly  a  question  of  term^.  In  most  of  the  modern  works 
on  crystallography  hemihedrism  is  not  considered,  for  there  is  no 
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structural  connection  between  the  holohedral  and  hemihedral 
forms.  The  holohedral  classes  are  sometimes  called  normal 
groups,  but  they  are  really  no  more  normal  than  the  classes  with 
lower  symmetry. 

6.  THE  ORTHORHOMBIC  SYSTEM 

The  orthorhombic  system  includes  all  crystals  that  can  be 
referred  to  three  non-interchangeable  axes  of  reference  at  right 
angles  to  each  other.  The  axial  elements  are  a:b:c.  Conven- 
tionally b  is  unity  and  a  is  always  less  than  unity.     These  values 


J^.^, _. 


I 


FiQ.  62. 
Axes  for  topaz. 


FiQ.  63. 
Axes  for  barite. 


Fig.  64. 
Axes  for  cerussite. 


differ  for  every  orthorhombic  substance.  Figs.  62,  63,  and  64 
represent  the  unit  lengths  of  the  axes  for  topaz,  barite,  and 
cerussite  respectively. 


Rhombic  Bipyramidal  Class.    sAj'sP  (C) 

(Holohedral) 

The  three  axes  of  2-fold  symmetry  are  the  axes  of  reference. 
The  selection  of  the  c-axis  is  arbitrary,  but  of  the  other  two  a  is 
always  shorter  than  b. 
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Rhombic  bipjrramid 

8  faces 

Ihkl! 

(Rhombic  pyramid)^ 

Rhombic  prism 

4  faces 

lOkl} 

(Brachydome) 

Rhombic  prism 

4  faces 

|h01} 

(Macrodome) 

Rhombic  prism 

4  faces 

|hkO} 

(Rhombic  prism) 

Pinacoid 

2  faces 

100} 

(Macropinacoid) 

Pinacoid 

2  faces 

10101 

( Brachy  pinacoid) 

Pinacoid 

2  faces 

1001} 

(Basal  pinacoid) 

65{hkl]         66J0W}         67\h0l]         QS\?ikO}         69|l00}       70l010}        7l{00lj. 
Figs.  65-71. — The  seven  orthorhombic  type  forms. 

Rhombic  Pjrramid  {hkl}  (Rhombic  pyramid).  The  general 
form  of  this  class  consists  of  eight  faces.  In  the  ideal  form  the 
faces  are  scalene  triangles  (Fig.  65).  For  any  one  substance 
there  is  a  great  variety  of  forms  possible  depending  upon  various 
rational  values  of  h,  k,  and  I,  If  h  and  k  are  equal  we  have 
[hhl]  of  which  there  is  a  series  with  varying  values  of  I,  As 
these  forms  are  in  a  vertical  zone  with  the  unit  prism  {110},  they 
are  called  bipyramids  of  the  unit-series.  {111}  is  the  unit 
bipyramid. 

Rhombic  Prism  {Okl}  (Brachydome).  A  horizontal  open 
form  composed  of  four  faces  each  parallel  to  the  a-axis  (Fig.  66) . 
There  is  a  series  of  all  possible  rational  values  of  k  and  Z. 

Rhombic  Prism  {hOl}  (Macrodonxe).  A  horizontal  open  form 
composed  of  four  faces  each  parallel  to  the  6-axis  (Fig.  67). 
There  is  also  a  series  varying  from  {001}  to  {010}  for  all  possible 
values  of  h  and  I. 

Rhombic  Prism  {hkO}  (Rhombic  prism).  An  open  form 
consisting  of  four  vertical  faces  (Fig.  68) .     For  each  orthorhom- 

1  These  names  are  used  by  some  authors. 
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bic  mineral  a  whole  series  of  prisms  is  possible  ranging  from 
{010}  to  {100}.     The  unit  prism  is  {110}. 

Pinacoid  {100}  (Macropinacoid) .  This  form  may  be  called 
t\iQ  front  pinacoid  as  it  consists  of  two  opposite  parallel  faces,  one 
in  front  and  one  behind  (Fig.  69) .  As  there  is  only  one  pinacoid 
of  this  kind  possible,  the  symbol  { 100}  is  used  instead  of  {hOO} . 

Pinacoid  {010}  (Brachypinacoid).  This  form,  consisting  of 
two  parallel  faces,  one  on  the  right  and  one  on  the  left,  may  be 
called  the  side  pinacoid  (Fig.  70).  The  symbol  is  written  {010} 
instead  of  {0A;0}. 

Pinacoid  {001}  (Basal  pinacoid).  This  form  may  be  called 
the  top  pinacoid  (Fig,  71).  The  symbol  is  written  {001}  instead 
of  {001}, 

Combinations.  Only  the  bipyramids  can  occur  alone.  All 
other  crystals  are  combinations  of  two  or  more  forms.  There  are 
manifold  combinations  and  consequently  a  great  variety  in  the 
habit.  The  most  common  are  tabular,  prismatic,  and  pyramidal, 
but  some  crystals  cannot  be  placed  under  either  of  these.  Pseudo- 
hexagonal  orthorhombic  crystals  are  common,  but  careful  meas- 
urement distinguishes  them  from  hexagonal  crystals. 

Examples 

Examples  of  orthorhombic  crystals  are  numerous  among  both 
minerals  and  prepared  compounds.  Barite,  BaSO^,  and  topaz, 
AljFjSiO^,  are  given  as  typical  examples  for  study  and  practice 
in  working  out  the  forms. 

Barite.  a:6:c  =  0.815: 1:1.313.  Usual  forms:  c {001},  m{110}, 
o{011},  ^{102},  Z{104}.  Cleavage  parallel  to  c  and  m.  Inter- 
facial  angles:  mm(110:lTp)  =78°  22^';  cm(001:110)  =90°; 
co(001 :011)  =52°  43';  cd (00 1:102)  =38°  51';  cZ(001 :  104)  =21°  56'. 


Fig.  72.  Fia.  73.  Fra.  74  Fio.  75. 


/ 
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Figs.  72  to  75  are  usual  combinations.  Fig.  50,  page  17,  is  more 
complex  with  a{100},  u{l01},  ^{lll},  and  2/(122}  in  addition  to 
the  above. 

Topaz.  a:6:c=0.528: 1:0.477.  Usualforms:  m{110},  Z{120}, 
cjOOl},  /{021},  2/{041},  w{lll},  o{221},  t{223}.  Cleavage 
parallel  to  c.  Interfacial  angles:  mm{110:110}  =  55°  43'; 
H(120:T20)  =86°  49';  c/(001 :021)  =43°  39';  ct/(001 :041)  =62°  21'; 
a(001:223)=34°     14';    cw(001:lll)  =45°    35';    co(001:221)  = 


C^^^    /^^ 


Fig.  76. 


Fig.  77.  Fig.  78. 

Figs.  76-79. — Topaz  crystals. 


Fig.  79. 


63°  54';  ww(lll:lll)=39°  0';  oo(221:221)  =49°  38'.  Figs. 
76  to  79  represent  usual  types  of  topaz  crystals.  The  lower  part 
of  these  figures  represents  cleavage,  as  doubly  terminated  crystals 
are  very  rare. 

Rhombic  Pyramidal  Class.     A2-2P 

(Hemimorphic) 

A2  is  taken  as  the  c-axis,  the  other  two  axes  being  perpen- 
dicular to  c,  one  in  each  plane  of  symmetry.  The  type  forms 
are  as  follows: 


Rhombic  pyramids 
Domes 

Rhombic  prism 
Pinacoids 
Pedions 


\hkl],    \kkl\ 
\0kl],\0kl\;{h0l]y    {hOl\ 

{hJcO] 
jlOOl,  1010} 
1001!,    |001| 
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Calamine,  Zn2(OH)2Si08,  is  the  only  common  mineral 
belonging  to  this  class.  Fig.  80  represents  a  typical  crystal 
with  the  pedion  c{001},  the  domes <{301}  and  i{031},  thepina- 
coid  6(010} ,  the  rhombic  prism  m{  110},  and  the  rhombic  pyramid 
v{  I2T} .  The  two  ends  of  the  class  are  different  hence  the  term, 
hemimorphic,  sometimes  used. 


tn 


Fia.  80. — Calamine. 


Fio.  81. — Epsomite. 


The 


Rhombic  Bisphenoidal  Class..    3A2 

(Hemihedral) 

The  three  axes  of  symmetry  are  the  axes  of  reference, 
type  forms  are  as  follows: 

Rhombic  bisphenoids  Ihkl],    \hlcl\ 

Rhombic  prisms  | Okl \,   \hOl\,    | hkO ] 

Pinacoids  |100|,  1010|,  j001| 

Epsomite  (MgSO^-THjO)  is  the  best  known  example  of  this 
class.  Fig.  8 1  is  a  typical  crystal  with  the  forms  m{110},2{lll}, 
and  a {100}. 

7.  THE  MONOCLINIC  SYSTEM 

The  monoclinic  system  includes  all  crystals  that  can  be 
referred  to  three  non-interchangeable  axes  of  reference,  one  at 
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right  angles  to  the  other  two,  which  are  inclined  to  each  other. 
The  axial  elements  are  a:b:c  and  p,  the  acute  angle  between  the 
a-  and  c-axes  (see  Fig.  82).  The  a-axis  may  be  either  shorter  or 
longer  than  the  6-axis  which  is  taken  as  unity.  The  crystal  is  held 
so  that  the  a-axis  points  down  and  toward  the  observer. 


/ 


a/     I 

/    i 

I 

I 


Fig.  82. — Monoclinic  axes. 

Prismatic  Class.    A2P(C) 

(Holohedral) 

The  axis  of  2-fold  symmetry  is  the  6-axis.  The  axes  a  and  c 
are  in  the  plane  of  symmetry,  but  their  position  is  more  or  less 
arbitrary.  They  are  usually  taken  parallel  to  prominent  edges 
or  faces. 


Rhombic  prisms  4  faces 

Rhombic  prism  4  faces 

Rhombic  prism  4  faces 

Pinacoids  2  faces 

Pinacoid  2  faces 

Pinacoid  2  faces 

Pinacoid  2  faces 


hkl|,  jHkl[    (Hemi-pyramids) 


Okl| 

hkO} 

hOMJEOl} 

001  i 

010} 

001} 


(Clinodome) 

(Prism) 

( Hemi-orthodomes) 

(Orthopinacoid) 

(Clinopinacoid) 

(Basal  pinacoid) 


Rhombic  Prisms  {hkl},  {hkl}  (Hemi-pyramids).  These  two 
forms  occur  independently  but  together  they  constitute  a  figure 
that  resembles  a  pyramid,  hence  the  name  hemi-pyramid  some- 
times used.     Fig.  83  represents  an  {hkl}  form. 

Rhombic  Prism  {Okl}  (Clinodome).     An  open  form  consisting 
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of  four  faces  each  parallel  to  the  a-axis.  The  a-axis  is  sometimes 
called  the  clino-axis  hence  the  name  clino-dome.     Fig.  84. 

Rbombic  Prism  {hkO}  (Prism).  An  open  form  consisting  of 
four  faces  each  parallel  to  the  vertical  axis  (Fig.  86) . 

Pinacoids  {hOl},  {hOl}.  (Hemi-orthodomes) .  These  forms, 
each  composed  of  two  opposite  parallel  faces  parallel  to  the 
6-axis  (often  called  the  ortho-axis),  are  independent.  Fig.  85 
represents  {hOl}. 

Pinacoid  {100}  (Orthopinacoid) .  This  form  may  be  called  the 
front  pinacoid,  but  is  also  known  as  the  orthopinacoid.     Fig.  87. 


83{hkl}.        S4{0kl\.      85{h0l\         S6{hk0\         87{l00|.       88{010}.       89{00l! 

Figs.  83-89. — The  seven  mcmoclinic  type  forms. 


Pinacoid  {010}  (Clinopinacoid) .  This  may  be  called  the 
side-pinacoid,  but  is  also  known  as  the  clinopinacoid.     Fig.  88. 

Pinacoid  {001}  (Basal  pinacoid).  This  form  is  usually  known 
as  the  basal  pinacoid,  but  its  faces  are  inclined  and  not  perpen- 
dicular to  the  c-axis.     Fig.  89. 

Combinations.  All  monoclinic  crystals  are  necessarily  com- 
binations of  two  or  more  forms,  as  all  the  forms  are  open  ones. 
As  in  the  orthorhombic  system  the  habits  are  quite  diversified. 
If  the  angle  /?  is  close  to  90°  there  is  often  close  resemblance  to 
orthorhombic  crystals,  but  this  result  may  also  be  due  to  equal 
development  of  front  and  back  faces.  Prismatic  crystals  are 
usually  elongated  in  the  direction  of  the  c-axis,  but  occasionally 
in  the  direction  of  the  6-axis,  as  in  the  case  of  epidote,  and  in  the 
direction  of  the  a-axis,  as  in  orthoclase. 

3 
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Examples 

Many  minerals  and  also  artificially  prepared  compounds  crystal- 
lize in  this  class.  Orthoclase  (KAlSijOg),  diopside  (CaMgSijOg), 
augite  (R^SiOj),  and  gypsum  (CaS04.2H20)  are  given  as  good 
examples  for  study  and  practice. 

Orthoclase.  a:6:c  =  0.658: 1:0.555;  ^9=63°  57'. _  Usual  forms: 
c{001},  6{010},  mfllO},  2{130},  a;{T01},  i/{201},  n{021}, 
o{lll}.     Cleavage    parallel    to    c    and    6.     Interfacial    angles: 


Fig.  90. 


m 


m 


Fig.  91.  Fig.  92.  ■ 

F1G8.  90-93.-^— Orthoclase  crystals. 


m 


m 


Fig.  93. 


mm(110:110)=61°  13';  62(010:130)  =29°  24';  cx(001:T02)  = 
50°  16';c2/(001:201)=80°  18';  cn(001:021)  =44°  56';  6o(010:Tll) 
=63°  8';  6c(010:001)=90°  0';  cm(001: 110)  =67°  47'.  Figs. 
90-93  represent  usual  types  of  crystals. 

Diopside.  a:6:c  =  1.092: 1:0.589;  /?  =  74°  10'.  _Usual  forms: 
cfOOl},  6{010},  a{100},  m{110},  p{lll},  o{221},  rf{T01}, 
J{311},  sjlllj.  Interfacial  angles:  mm(110: 110)  =92°  50'; 
a6(100:010)=90°  0';  ac(001:001)  =74°  10';  6c(010:00_l)  =90°  0'; 
pp(lll:lll)=48^  29';  cp(001:ni)  =33°  50';  ss(lll:lll)  = 
59°  11';  00(221:221)  =84°  11';  JJ(311:311)  =37°  50';  C(^(001: 101) 
=  31°  20'.  Figs.  94-97  represent  typical  crystals  of  diopside. 
The  striations  on  Fig.  94  are  due  to  polysyntjietic  twinning  with 
{001}  as  twin-plane. 

Augite.  Axial  elements,  usual  forms,  and  interfacial  angles 
practically  as  in  diopside.     Figs,  98  to  101  represent  the  common 
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Fioa.  94-97. — Diopada  cryalata. 


rTX 
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types  of  augite  crystals.     Twins  with  {100}  as  twin-plane  are 
common  as  shown  in  Fig.  101. 

Gypsum.  a:6:c  =  0.690^1:0.412;  ^9  =  80°  42'.  Usual  forms: 
m{110},  Z{111},  6{010},  e{103}.  Cleavage  paralleUo  h.  Inter- 
facial  angles:  mm(110:110)  =68^_30^  ZZ(111:  HI)  =36°  12'; 
6e(010:103)  =90°  0';  ae(edge  110,  110:103)  =87°  49'.  The  usual 
combination  is  hnd,  but  with  varying  habit  as  represented  in 
Figs.  102  and  103.  Fig.  105  represents  a  twin  crystal  with 
{100}  as  twin-plane. 

DoMATic  Class.      P. 

(Hemihedral) 

The  6-axis  is  normal  to  the  plane  of  symmetry,  the  a  and  c  axes 

being  in  the  plane  of  symmetry. 

Domes  \hkl\,  [hkl],  \hkl\y  [Hkl] 

Domes  \Okl\,  \Okl\ 

Pinacoid  _                         _                1010} 

Pedions  {100(,  (100(;  {001  (,  1001  (;  \mi\,  {hldl\. 


a 


A 


m 


Fio.  106.— XsiSiOe. 


FiQ.  107. — Tartaric  add. 


Clinohedrite,  CaZn(OH)2Si03,  is  the  only  mineral  known  to 
belong  to  this  class.  There  are  several  representatives  among 
artificially  prepared  compounds,  among  them  potassium  tetra- 
tbionate,  K^S^Og,  a  crystal  of  which  is  represented  by  Fig.  106. 
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Sphenoidal  Class.    Ag 

{Hemimorphic) 

The  axis  of  2-fold  symmetry  is  the  6-axis,  the  a  and  c  axes  being 
in  a  plane  normal  to  this  axis. 

Sphenoids       {hkl},  [Tiki],  [TH^l],  {hkl\\  \Okl\,  \Oll\]  \hkO\,  \hTiO\ 
Pinacoids  [mi\,  \TiOl\\  1100(,  1001  ( 

Pedions  {010},  {010  ( 

Fichtelite,  CigHgj,  belongs  to  this  class.  Fig.  107  represents  a 
crystal  of  tartaric  acid,  which  also  belongs  here.  Cane  sugar  is 
another  example. 

8.  THE  TRICLINIC  SYSTEM 

The  triclinic  system  includes  all  crystals  that  can  be  referred 
to  three  non-interchangeable  axes  at  oblique  angles.  The  axial 
elements  are  a:b:c,  (h  being  unity,  and  a  always  less  than  unity) 
and  the  angles  a,  /?,  and  y  between  the  axes  b  and  c,  a  and  c, 
a  and  b  respectively.     Fig.  108  represents  a  triclinic  axial  cross. 

Pinacoidal  Class.     iJ^jCC) 

(Holohedral) 

The  choice  of  axes  is  arbitrary,  but  they  are  usually  taken 
parallel  to  the  intersection  edges  of  the  three  most  prominent 
faces. 

Pinacoids  2  faces  (hkl),  |hkl),  {h£l),  {EB}      (Tetarto-pyramids) 

Pinacoids  2  faces  {h01[,  {h01(  (Hemi-macrodomes) 

Pinacoids  2  faces  joklj,  jOklj  (Hemi-brachy domes) 

Pinacoids  2  faces  { hkO } ,  { hEO }  (Hemi-prisms) 

Pinacoid  2  faces  |100!  (Macropinacoid) 

Pinacoid  2  faces  (010}  (Brachypinacoid) 

Pinacoid  2  faces  {001 }  (Basal  pinacoid) 

All  forms  are  pinacoids  consisting  of  two  opposite  parallel 
faces. 
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Combinations.  The  appearance  of  triclinic  crystals  depends 
largely  upon  the  obliquity  of  the  axes.  Many  of  them  closely 
approach  monoclinic  crystals  in  angles.  (See  Fig.  534,  page  389.) 
This  is  especially  the  case  with  the  plagioclase  feldspars.  In 
albite,  for  example,  a  =  94®  and /-  =  88°. 
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FiQ.  108. — ^Triclinio  axes. 
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Fig.  109.— Axinite. 


Fig.  110. 


Examples 

Comparatively  few  minerals  crystallize  in  this  class.  Axinite, 
though  without  much  variation  in  habit,  is  the  most  available 
triclinic  mineral  for  study. 

:  Axinite.  a:6:c  =  0.492: 1:0.479;  a  =  82°  54',  _^  =  91°  52', 
r=131°  32'. _  Usual  forms:  a{100},  m{110},  ikf£llO},- s{201}, 
p{lll},  rflll}.  Interfacial  angles:  mM(110:110)  =44°__  29'; 
ms(110:201)=27°  57';  sr(201:lll)  =36°  25';  ikfr(110:  iTl)  = 
45°  15';  sp(201 :  111)  =  16°  7'.  Fig.  109  is  a  drawing  of  a  typical 
crystal  of  axinite. 


Pedial  Class.   (No  symmetry) 

(Hemihedral) 

Although  there  are  no  symmetry  elements  whatever,  this  con- 
stitutes a  crystal  class,  for  crystals  without  symmetry  may  have 
faces  with  rational  indices.  The  rationality  of  indices  is  entirely 
independent  of  symmetry. 
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In  this  class  all  forms  are  pedions  consisting  of  one  face  only. 
Two  parallel  faces,  even  if  they  have  about  the  same  size  and  shape, 
are  separate  forms.  There  are  twenty-six  separate  kinds  of 
forms  possible,  using  the  sign  permutations  with  the  seven  type 
symbols.  ^ 

No  mineral  representative  of  this  class  has  yet  been  discovered, 
but  several  artificially  prepared  compounds  belong,  here.     Fig. 

1 10  represents  a  crystal  of  hydrous  acid  strontium  tartrate  with 
the  forms:  c{001},  c'{OOT},  6{010},  6'{0T0},  a{100},  a'{TOO}, 
u{l22],  and /{ 101}. 

9.  THE  TETRAGONAL  SYSTEM 

The  tetragonal  system  includes  : 

all  crystals  that  can  be  referred  to  l«    ^ 

three  axes  at  right  angles,  two  of  j^* 

which   are  interchangeable.     Thei j  .^-^     «„ 

axes  are  designated  ajiagrc,  ttj  and  ^'^\ 

a2  each  equal  to  unity  and  c  either  j 

greater  or  less  than  unity.     Fig.  j 

1 1 1  represents  the  axes  for  zircon.  p,^  iii.-Teiragonai  axes. 

Ditetragonal  Bipyramidal  Class.    A^^A^'SP* (C) 

(Holohedral) 

The  axis  of  4-fold  symmetry  is  the  c-axis.  As  there  are  four 
axes  of  2-fold  symmetry  at  45°  to  each  other,  either  pair  at  right 
angles  to  each  other  may  be  selected  as  the  lateral  axes. 

Ditetragonal  bipyramid  16  faces  |hkl}  (Ditetragonal  pyramid) 

Tetragonal  bipyramid  8  faces  (hhl)  (P3rramid  of  first  order) 

Tetragonal  bipyramid  8  faces  jhOlI  (Pyramid  of  second  order) 

Ditetragonal  prism  8  faces  {hkOf  (Ditetragonal  prism) 

Tetragonal  prism  4  faces  {110}  (Prism  of  first  order) 

Tetragonal  prism  4  faces  I100|  (Prism  of  second  order) 

Pinacoid  2  faces  {001}  (Basal  pinacoid) 
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Ditetragonal  Bipyramid  {hkl}  (Ditetragonal  pyramid).  The 
general  form  consists  of  sixteen  faces,  the  faces  in  the  ideal  form 
being  scalene  triangles  (Fig.  112).  The  angles  over  alternate 
polar  edges  are  equal. 

Tetragonal  Bipyramid  {hhl}  (Pyramid  of  the  first  order).  This 
form  cuts  the  lateral  axes  at  equal  distances  (Fig.  1 13) . 

Tetragonal  Bipyramid  {hOl}  (Pyramid  of  the  second  order). 
A  form  consisting  of  eight  faces  each  parallel  to  one  lateral  axis 
(Fig.  114).     This  form  and  {hhl}  are  identical  except  in  position. 

Ditetragonal  Prism  {hko }  (Ditetragonal  prism).  An  open  form 
consisting  of  eight  faces,  each  parallel  to  the  vertical  axis  (Fig. 
115).     The  faces  meet  in  angles  which  are  alternately  equal. 


i<P?^ 


I 


I 

r 
I 


112{;iJfc/(.       \\Z\hhl\      114{A0Z(. 

Figs.  112-118. 


115(AA;0(.     116(110}.     117(100(.     118{00l{ 
-The  seven  tetragonal  forms. 


Tetragonal  Prism  {110}  (Prism  of  the  first  order).  This  is  an 
open  form  with  four  faces  each  parallel  to  the  vertical  axis 
(Fig.  116).  * 

Tetragonal  Prism  {100}  (Prism  of  the  second  order).  This  is 
an  open  form  similar  to  {110}  except  in  position  (Fig.  117). 

Pinacoid  {001}  (Basal  pinacoid).  This  form  possesses  two 
parallel  faces,  an  upper  one  and  a  lower  one.     (Fig.  118). 

Combinations.  The  bipyramids  are  closed  forms,  but  the 
prisms  and  pinacoids  are  open  forms,  and  hence  must  occur  in 
combination.  In  habit  tetragonal  crystals  are  usually  prismatic, 
pyramidal,  or  tabular.  Pseudo-octahedral  and  pseudo-cubic 
crystals  are  not  uncommon. 
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Examples 

Zircon.  c  =  0.640.  Usual  forms:  m{110},  a{100},  p{lll}, 
w{331},  x{311}.  Interfacial  angles:  m/}(110:lll)  =47°  50'; 
mm(110:110)=90°    0';    ma(110:100)  =45°   0';    mp(110:lll)  = 


r^ 


m 


m 


'  '.'Ok 

'•.V 


Fia.  119. 


FiQ.  120.  FiQ.  121. 

Figs.  119-122. — Zircon. 


Fig.  122. 


7 


47°  50';  ap(100:lll)=6J.°  40';  mw(110:331)  =20°  12';  a:a:(311: 
311)  =32°  57';  pp(lll:lll)  =56°40'.  Figs.  119  to  122  represent 
the  usual  combinations  and  habits. 

Apophyllite.  c  =  1.251.  Usual  forms:  a{100},  c{001},  p{lll}, 
2/{310}.  Cleavage  parallel  to  c.  Interfacial  angles:  cp(001:lll) 
=  60°  32';  ap(100:lll)=52°  0';  pp(lll:lTl)  =76°  0';  ay{100: 
310)  =  18°  26'. 
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Fig.  123. 


Fig.  124.  Fig.  125. 

Figs.   123-126.— Apophyllite 


Fig.  126. 
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DiTETRAGONAL    PYRAMIDAL   ClASS.       A^'^F 


(Hemimorphic 

hemihedral) 

Ditetragonal  pyramids 

\m\, 

\hkl\ 

Tetragonal  pyramids 

\hM\, 

\hhi\ 

Tetragonal  pyramids 

\m\, 

\m\ 

Ditetragonal  prism 

[hkO] 

Tetragonal  prism 

11101 

Tetragonal  prism 

liooi 

Pedions 

• 

1001}, 

1001} 

No   known   minerals   belong   here.     Hydrous   silver   fluorld, 
AgF-HjO  (Fig.  127),  is  a  representative  of  this  class. 


FiQ.  127.  Fig.  128,  Fio.  129. 

Tetragonal  Bipyramidal  Class.     A^-P-(C) 

{Pyramidal  hemihedral) 

Tetragonal  bipyiamids  \hkl\j  \khl\y  [hhl],  {1M\ 

Tetragonal  prisms  \hkO\,  \khJd\y  {110(,  {100} 

Pinacoid  (001  ( 

Scheelite,  CaW04,  is  the  best  example  of  this  class.     (Fig. 
128). 

Tetragonal  Trapezohedral  Class.     A4-4A2 

(Trapezohedral  hemihedral) 

Tetragonal  trapezohedrons  \hkl]y  {khl} 

Tetragonal  bipyramids  \hhl\y  {hOl\ 

Ditetragonal  prism  [hkO] 

Tetragonal  prisms  i  100 } ,  1 1 10 ) 

Hnacoid  {001} 
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No  known  minerals  belong  here.  But  by  means  of  etch- 
figures  it  has  been  shown  that  the  artificial  salt,  NiSO^-eHjO,  has 
the  symmetry  of  this  class.     Fig.  129  shows  the  etch-figures  on 

{111}. 


Tetragonal  Scalenohedral  Class. 

{Sphenoidal  hemihedral) 

Tetragonal  scalenohedrons 
Tetragonal  bisphenoids 
Tetragonal  bipyramid 
Ditetragonal  prism 
Tetragonal  prisms 
Pinacoid 


iP4-2A2-2P 


\hkl\,  {hkl\ 
[hhl],  \hJil\ 

{m\ 

11101,  {100( 
(001} 


Chalcopyrite,  CuFeSj,  is  the  best  known  representative  of  this 
class.  Fig.  130  represents  a  combination  of  the  tetragonal 
bisphenoid  ^{772}  and  the  tetragonal  scalenol^edron  ;f  {122}. 


Fia.  130. 


FiQ.  131. 


Tetragonal  Pyramidal  Class.     A^ 
(Hemimorphic  tetartohedral) 


Tetragonal  pyramids 
Tetragonal  pyramids 
Tetragonal  prisms 
Pedions 


\hkl\,  \khl}y  \hkl\y  {kfU\ 

{hfd],  \hfd\,  \hJOl\y  {hOl\ 

{hkO\,  \khO\;  (110},  (100} 

(001},  (001} 


Wulfenite,  PbMo04,  may  perhaps  belong  to  this  class.     Crystals 
like  Fig.  131  have  been  found  but  etch-figures  indicate  the  tetrag- 
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onal    bipyramidal   class.     The  artificial    compound,   Ba(SbO)2- 
(CJifiQ)2il2^f  certainly  belongs  here. 

Tetragonal  Bisphenoidal  Class.     JP^ 
(Sphenoidal  tetartohedral) 

The  crystals  of  this  class  have  composite  symmetry  with 
respect  to  a  four-fold  axis  and  a  plane  normal  to  it. 

Tetragonal bisphenoids    {hkl],  {khl};*\hhl\,  ?Jil\;  | W)Z } ,  [Okl] 

'     Tetragonal  prisms  { /iA;0  ( ,  1  fc/iO  ( ;  {110},  {100] 

Knacoid  {001} 

An  artificial  compound,  CajAljSiOy,  has  been  assigned  to  this 
class  by  Weyberg  (1906). 

10.  THE  HEXAGONAL  SYSTEM  ^ 

The  hexagonal  system  includes  all  crystals  which  can  be  referred 

to  four  axes,  three  interchange- 
able ones  in  a  plane  at  right 
angles  to  the  fourth.  The  posi- 
tive ends  of  the  three  lateral 
axes  make  angles  of  120^  with 
each  other  as  shown  in  Fig.  132. 
The  index  on  the  third  axis  is 
designated  by  i,  so  that  the  Miller 
symbol  for  the  general  form  is 
\hkil\y  in  which  A  +  A:=i.  The 
axes  may  be  designated  a^.a^'. 
a^iCy  in  which  a^,  aj,  and  a^  are 
unity  and  c  either  greater  or  less 
than  unity.  The  axis  of  3-fold 
or  6-fold  symmetry  is  always  taken  as  the  c-axis. 

1  Twelve  crystal  classes  are  assigned  to  this  system.  They  are  sometimes  treated 
under  two  systems,  the  trigonal  and  the  hexagonal.  As  there  are  three  different 
methods  of  subdivision,  upon  which  there  is  no  general  agreement,  it  is  preferable  to  con- 
sider them  all  under  one  system. 


Fig.  132. — Hexagonal  axes. 
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Dihexagonal  Bipyramidal  Class. 

A,-6A3-7P-(C) 

(Holohedral) 

Dihexagonal  bipyramid     24  faces    fhkil) 
Hexagonal  bipyramid        12  faces    |h-h-2fil} 
Hexagonal  bipyramid        12  faces    jhOhl( 
Dihexagonal  prism            12  faces     hkiO 
Hexagonal  prism                6  faces    |1120) 
Hexagonal  prism                 6  faces    jlOlO} 
Pinacoid                               2  faces    fOOOl) 

(Dihexagonal  pyramid) 
(Pyramid  of  2d  order) 
(Pyramid  of  1st  order) 
(Dihexagonal  prism) 
(Prism  of  2d  order) 
(Prism  of  1st  order) 
(Basal  pinacoid) 

Dihexagonal  Bipyramid  {hkll}  (Dihexagonal  pyramid).  This 
form  consists  of  24  faces  (scalene  triangles  in  the  ideal  form)  cut- 
ting the  four  axes  at  unequal  distances.  The  angles  over  alter- 
nate polar  edges  are  equal.     (Fig.  133.) 


Fig.  133{hktl\. 


FiQ.  lS4{h-h-2h'l\. 


Fig.  135{;iOW}, 


Hexagonal  Bipyramid  {h-h-2hl}  (Pyramid  of  the  second  order). 
The  faces  cut  two  of  the  lateral  axes  at  equal  hut  greater  dis- 
tances than  the  third  lateral  axis.     (Fig.  134.) 

Hexagonal  Bipyramid  {hOElj  (Pyramid  of  the  first  order). 
The  faces  cut  two  of  the  lateral  axes,  but  are  parallel  to  the  third. 
(Fig.  135.)     This  form  differs  from  {h'h'2h'l]  only  in  position. 

Dihexagonal  Prism  {hldO}.  All  the  faces  are  in  a  vertical 
zone,  each  being  parallel  to  the  vertical  axis.  Alternate  angles 
are  equal.     (Fig.  136.) 

Hexagonal  Prism  {1120}  (Prism  of  the  second  order).  This 
form  consists  of  six  faces  making  angles  of  60°  with  each  other. 
(Fig.  137.) 


46 


INTRODUCTION  TO  THE  STUDY  OF  MINERALS 


Hexagonal  Prism  {1010}  (Prism  of  the  first  order).  This  is 
similar  to  {1120}  except  in  position.     (Fig.  138.) 

Pinacoid  {0001}  (Basal  pinacoid).  This  form  consists  of  two 
opposite  parallel  fac6s.     (Fig.  139.) 


\ 


Fig.  136.  { hktO  \ .  Fia.  137.  ( 1 120  [ , 


FiQ.  138.  {1010} .      Fig.  139(0001}. 


Combinations.  The  habit  is  prismatic,  pyramidal,  or  tabular. 
Simple  combinations  are  the  rule  in  this  class.  As  beryl  is  the 
only  common  mineral  belonging  to  this  class,  it  is  the  only  ex- 
ample given  for  practice. 

Example 

Beryl.  c  =  0.498.  Usual  forms:  c{0001},  m{10T0},  p{10Tl}, 
s{1121},  t?{_2131}.  Interfacial  angles:  mm(1010:0110)  =60^  _0'; 
cs(0001:1121)=44°  56';cp(0001:1011)=29°  57';  mv(1010:2131) 


m 


m 


m 


m 


m 


m 


Fig.  140. 


FiQ.  141. 


Fig.  142. 


Fig.  143. 


=  37°  49';  ms(1010:1121)=52°  17'.  Figs.  140  and  141  are  the 
ordinary  combinations.  Fig.  142  has  in  addition  the  general 
form  !;{2131}.  Fig.  143  represents  beryl  of  tabular  habit,  which 
is  rare  as  compared  with  the  prismatic  habit. 
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DiHEXAGONAL   PYRAMIDAL   ClASS.        Ag^P 

(Hemimorphic  hemihedral) 

Dihexagonal  pyramids  {hkil]^  \hkil\ 

Hexagonal  pyramids  { h'h'2h'l ] ,  ( hh2h'l \ ;  \ hOhl ] ,  \ hJOJU \ 

Dihexagonal  prism  __        {^0| 

Hexagonal  prisms  11010},  11120} 

Pedions  {0001},  {0001} 

The  forms  in  the'  upper  half  of  the  crystal  are  different  from 

those  in  the  lower  half.  This  is  apparent 
from  Fig..  144,  which  represents  iodyrite 
( Agl)^.  The  f orms_are  c  { 000 1 } ,  w  { 404 1 } , 
a{1120},  and7r{4045}. 


FiQ.  144. 


Fig.  145. 


Hexagonal  Bipyramidal  Class.     A^PC 


Hexagonal  bipyramids 
Hexagonal  prisms 
Pinacoid 


{Pyramidal  hemihedral) 

[hkilly  {khil};  \kbKl\j  {h'h-2h'l] 
\hkiO},  IkhtO];  {1120},  {1010} 

{0001} 


Apatite,  Ca5F(P04)3,  is  the  best  example  of  this  class.  Fig. 
145  represents  a  crystal  with  c  { 0001 } ,  m  { lOTO } ,  s  { 1 121 }  x  { lOTl } 
and  the  general  form  //{2131}. 

Hexagonal  Trapezohedral  Class.     Ae'dAg 

(Trapezohedral  hemihedral) 

Hexagonal  trapezohedrons  \hktl]j  {khtl\ 

Hexagonal  bipyramids  \h-h'2E-l}j  \ho7il\ 


Dihexagonal  prism 
Hexagonal  prism 
Pinacoid 


\hkiO\ 

{1120},  {1010} 

{0001} 
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No  mineral  is  known  to  belong  to  this  class,  but  a  complex 
double  salt  Ba(SbO)2(C4H40e)2*KN03  is  assigned  to  Xhis  class 
on  the  basis  of  the  etch-figures  (Fig.  146).  Here  the  forms  are 
c{0001},  7){10Tl},  and  m{10T0}. 


Fia.  146. 


Fia.  147. 


Hexagonal  Pyramidal  Class.     A^ 

{Hemimorphic  tetartohedral) 

Hexagonal  pyramids  {hkil\,  {kkll\j  {hkil},  {khil\: 

Hexagonal  pyramids  {hOhl]j  \h'h'2h'l\j  {M)Td\j  \h'h-2h'l\ 

Hexagonal  prisms  j  hkiO  | ,  { khtO } ;  (1120},  { lOlO } 

Pedions  {0001},  {OOOT} 

Nepheline  (NaAlSi04)  is  assigned  to  this  class  because  of  the 
etch-figures  represented  in  Fig.  147. 

Ditrigonal  Scalenohedral  Class.     JP^SA^SPiC) 

(Rhomhohedral  hemihedral) 

The  lateral  axes  are  the  axes  of  2-fold  symmetry  and  the 

c-axis,  the  axis  of  3-fold  symmetry.     The  crystals  of  this  and 

some  other  classes  of  the  hexagonal  system  are  sometimes  referred 

to  three  interchangeable  axes  at  oblique  angles  as  represented  in 

Fig.  148.     In  this  case  the  Miller  symbol  has  three  indices  hkl 

and  the  axial  element  is  a,  the  oblique  angle  between  the  axes. 

Scalenohedrons  12  faces  {hkll{,  fkhll}*      (Scalenohedrons) 

Hexagonal  bipyramid        12  faces  lh-h-2El|  (Pyramid  of  2d  order) 

6  faces  {hOEl},  {Ohhl| 

12  faces  {hkiO} 

6  faces  flOlO} 

6  faces  {1120} 

2  faces  jOOOl } 


Rhombohedrons 
Dihexagonal  prism 
Hexagonal  prism 
Hexagonal  prism 
Pinacoid 


( Rhombohedrons) 
(Dihexagonal  prism) 
(Prism  of  1st  order) 
(Prism  of  2d  order) 
(Basal  pinacoid) 


*In  these  symbols  h>k;  for  example,  {2131}  \p  {hk~l}  and  {l2?l}  is  {ikAtZ}. 
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Scalenohedrons  {hkil},{khil}.  The  general  form  of  this  class 
is  a  12-sided  figure,  each  face  of  which  is  a  scalene  triangle.  There 
are  three  kinds  of  edges,  short  polar,  long  polar,  and  middle  edges, 
each  with  their  characteristic  interfacial  angles.  The  [hkil] 
form  is  called  positive  and  the  [khil]  form,  negative.  Fig.  149 
is  a  positive  scalenohedron. 


•V 


FiQ.  148. 


Fig.  149.  {hHl\. 


FiQ.  150.  \hOU\. 


Hexagonal  Bipyramid  {h-h-2h-l}  (Pyramid  of  the  second  order). 
This  form  consists  of  twelve  faces,  each  an  isosceles  triangle 
(Fig.  134). 

Rhombohedrons  {hOhl},{Ohhl}.  A  rhombohedron  consists  of 
six  rhombic  faces.  It  is  like  a  cube  distorted  in  the  direction  of 
one  of  its  diagonals.  A  rhombohedron  is  distinguished  as  acute 
or  obtuse  according  to  whether  the  angle  over  the  polar  edges  is 
greater  or  less  than  90^.  The  rhombohedron  with  faces  in  the 
middle  front,  right  rear,  and  left  rear  dodecants  is  called  positive 
and  has  the  symbol  {hOhl]^  while  the  rhombohedron  with  faces 
in  the  right  front,  left  front,  and  middle  rear  dodecants  is  called 
negative  and  has  the  symbol  {OA/iZ}.  Fig.  150  is  an  obtuse  posi- 
tive rhombohedron. 

Dihexagonal  Prism  {hkiO}.  There  are  twelve  faces  in  a  ver- 
tical zone.     (Fig.  136.)     Alternate  angles  are  equal. 

Hexagonal  Prism  {1010}  (Prism  of  the  first  order).  There  are 
six  faces  meeting  at  angles  of  60°.     (Fig.  138.) 
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Hexagonal  Prism  {1120}  (Prism  of  the  second  order).  This 
form  is  exactly  like  {1010}  except  in  position  (Fig.  137). 

Pinacoid  {0001}  (Basal  pinacoid).  There  are  two  faces  at 
opposite  ends  of  the  vertical  axis.     (Fig.  139.) 

Example 

excite,  c  =  0.854.  Usual  forms :  c {0001 } ,  m { 1010 } ,  a { 1 120 } , 
6{0112},  r{1011},  /{0221},  Af  {4041},  t;{2131},  t/{325y,  ^2134}. 
Cleavage  parallel  to  r.  Interfacial  angles:  ee(01 12: 1012)  = 
45°_3';  em(0lT2:10T0)=63^  45';  rT(10Tl:Tl01)  =74°  55^;  rm 
(1011 :  1010)  =45^23i';jy(0221 :2021)  =  lOP  ^ ;/m(0221 :0110)  = 
26°  53';  MM(4041:4401)  =  114°  ICK;  Af m(4041 :  1010)  =  14°  13^; 
vi;(2131:2311)=75°  22'^  in;(2131:3121)  =35°  J6';jy2;(2131:1231) 
=  47°_r;  j/2/(3251:3521)=70°  59'_;  1/2/(3251:5231)  =45°  32'; 
t;i/(2131:3251)=8°^3';  rv(1011:2131)  =29°  U';  nM;(1010:2131) 
=  28°  4';  ft (2 134: 3 124)  =20°  36J';    ^e(2134:0112)=20°  57^'. 

Figs.  151-162  represent  some  of  the  common  types  of  calcite 
crystals.  The  dotted  lines  in  the  figures  represent  cleavage 
planes  which  aid  in  the  determination. 

Ditrigonal  Pyramidal  Class.    As'3P 

(Hemimorphic  tetartohedral) 

The  lateral  axes  are  diagonal  to  the  planes  of  symmetry. 

Ditrigonal  pyramids  fhkll),    jhkill  (Hemimorphic  pyramids) 

"  "  ikhill,    ikhll},  " 

Hexagonal  pyramids  {hh-SE-l},  jhh*2H-I)    (Hemimorphic  pyramids) 

Trigonal  pyramids  jhOfil},   jhOEI|  (P3rramids  of  1st  order) 

"  "  lOhai,   {Ohhl}  "  "       *' 

Ditrigonal  prisms  {hklO},   {khlO)  (Ditrigonal  prisms) 

Hexagonal  prism  {1120}  (Prism  of  2d  order) 

Trigonal  prisms  jlOlO),  {01l0|  (Prisms  of  1st  order) 

Pedions  (0001 },  {000l|  (Basal  planes) 

Ditrigonal  Pyramids  {hkil},  {hkfi},  {khil},  {kha}  (Hemi- 
morphic ditrigonal  pyramids) .  The  general  form  is  a  six-faced 
pyramid  with  alternate  angles  equal.      There   are  positive  and 
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Fia.  151 


Fio.  155. 


Fia.  159. 


Fig.  152. 


Fig.  153. 


Fig.  154. 


e 


m 


m 


Fio.  156. 


Fig.  157. 


Fio.  158 


m 


m 


Fig.  160.  Fig.  161. 

Figs.  151-162.— Calcite  Crystals. 


Fig.  162. 


negative  and  upper  and  lower  forms  as  indicated  by  the 
symbols.    Fig.  163.  

Hexagonal  Pyramids  {hh-2hl},  {hh-5hl}  (Hemimorphic  hex- 
agonal pyramids) .  There  are  six  faces  each  cutting  two  lateral 
axes  at  equal  but  greater  distances  than  the  third  lateral  axis. 

Trigonal  Pyramids   {hOhl},  {hOH},  {Ohhl},  {Ohhl}    (Hemimor- 
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phic  trigonal  pyramids  of  the  first  order).  Each  of  these  forms 
consists  of  three  face^.-  They  are  distinguished  as  positive  and 
negative  and  upper  and  lower.  Fig.  164  represents  an  upper 
negative  trigonal  pyramid. 


Fio.  163.  \klali.        Fio.  194.1  fiOfii.         Fio.  165.  fll50!.     Fio.  166.  jloil). 

Ditrigonal  Prisms  {hklO),  |kliiO|.  The  angles  over  alternate 
angles  are  equal.     Fig.  165. 

Hexagonal  Prism  |1120{,  (Second  order  prism) . 

Trigonal  Prisms  |10iOi,|OliO|.  These  two  forms  diflter  only 
in  position.     Fig.  166. 


Fio.  167.  Fm.  188.  Fia.  169.  Fio.  170. 

Pedions  iOOOl),  lOOOlj.  Each  of  these  forms  consists  of  a 
single  face,  one  at  the  upper  end  of  the  crystal  and  the  other  at 
the  lower  end. 

Tourmaline,  a  complex  boro-silicate,  is  the  best  representative 
(if  this  class. 

Example 

TourmaUne^  c  =  0.447^  Usual_  forms:_mil0T0]j_  m,|OlTOK 
(i{1120j,  r|1011|,  MOUl),  o{0221j,  e|0U2h  r[1232|.  Intcr- 
faciaJ  angles:  7t{1011:1I01)  =46°  52';  mr(1010:1011)=62°  40'; 
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£e(0lT2:T012)=25°  2^;  emi(0lT2:0lT0)  =75°  30i';  oo(0221: 
2021)  =77^';  omi(0221:0110)  =44°  3';  xx(1232:1322)  =2P  18'; 
xx(  1232: 3212)  =43°  22^'.  Figs.  167  to  170  represent  typical 
crystals  of  tourmaline. 

Trigonal  Trapezohedral  Class.     Ag^Ag 

(Trapezohedral  tetartohedral) 
The  axes  of  symmetry  are  the  axes  of  reference. 

Trigonal  trapezohedrons  \hkil]j    \khil\ 

Trigonal  bipyramid  j  h'h'2h'l  \ 

Rhombohedrons  [hOM],  {Ohhl\ 

Trigonal  prisms  1 1 120 } ,  (1210 1 

Di trigonal  prisms  [hkiO],  {khiO\ 

Hexagonal  prism  jl010| 

Pinacoid  {0001 j 

Quartz,  SiOj,  and  cinnabar,  HgS,  are  the  only  known  minerals 
belonging  to  this  class.  The  general  form  is  comparatively  rare 
and  always  occurs  as  a  subordinate  form.  The  forms  [hkU} 
and  [khU]  are  distinguished  as  right-handed  and  left-handed 
forms  respectively.  Fig.  171  represents  a  right-handed  quartz 
crystal  with  the  forms  m{10lO}',  r{10TT},  ^{OlTl},  s{1121},  and 
X  { 5 16 1 } .  Figs.  375  and  376,  page  152,  show  a  right-handed  crys- 
tal and  a  left-handed  crystal  side  by  side.  For  angles  of  quartz 
see  page  305. 

Trigonal  Rhombohedral  Class.     -^qCC) 

(Rhombohedral  tetartohedral) 

Rhombohedrons  {hkil\,  \khtl\f  {ikM],    \kihl\ 

Rhombohedrons  {h'h'2K'l\f  {2h-7iTi'l] 

Rhombohedrons  {hOhl]^  \Ohhl] 

Hexagonal  prisms  |  hkiO  \ ,  { khiO  \ 

Hexagonal  prism  1 1 120  { 

Hexagonal  prism  JIOIO} 

Pinacoid  10001} 

Phenacite,  BejSiO^,  is  a  representative  of  this  class.  Fig. 
172  is  a  simple  combination  with  a{  1120}  and  x{2132}. 
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Trigonal  Bipyramidal  Class.     AgP 
(Sphenoidal  tetartohedral) 


Trigonal  bipyramids 
Trigonal  prisms 
Hexagonal  prism 
Trigonal  prisms 
Trigonal  bipyramids 
Trigonal  bipyramids 
Pinacoid 


{hktl],  [kkil] 

[hkiO],  {khtO\ 

(1120} 

_U010|,  {0110} 

\h'h-2h-l\,J2h'Ti''K'l} 

\hOhl},  [OhJU] 

{0001} 


This  is  the  only  class  for  which  no  example  has  yet  been  found, 
The  forms  given  above  may  be  predicted  from  the  symmetry. 


FiQ.  171. 


Fia.  172. 


Fia.  173. 


Fia.  174. 


Trigonal 
Trigonal 
Trigonal 
Trigonal 
Trigonal 
Trigonal 
Pedions 


Trigonal  Pyramidal  Class.     A3 

(Pgdohedral) 

\hktl\,  lkhtl\,  liW,}y  \WU]; 


pyramids 

pyramids 

pyramids 

pyramids 

prisms 

prisms 


{^7},  {Mt7},JiH2},  {Tcm\ 

{h'h-2K'l]y  {h'h-2h-l]y  \2jhrTi'h'l} ,J2h'7i'Tijl\ 

IhOKl],  \hOhl};  \OhJil\,  {OMl 

\hktO};  [kkiO];  {1120},  {1210} 

{1010},  {0110} 
{0001},  {0001} 


Hydrous   sodium   periodate,    NaI04'3H20,    belongs   to    this 


^ 
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class.     Fig.  173  represents  a  crystal  with  the  forms  r{1011}, 
6  {0221},  CiJOOOT},  and  «{5-4-9  10}.     (After  eakle.) 

DiTRIGONAL    BlPYRAMIDAL   ClASS.       Ag-3A2*4P(C) 

{Sphenoidal  hemihedral) 

Ditrigonal  bipyramids  \hktl]f  \khU] 

Hexagonal  bipjrramid  \h'h'2K-l\ 

Trigonal  bipyramids  j  hOKl  \ ,  { OhJil  ] 

Ditrigonal  prisms  { hklO  ]  j  kkiO  \ 

Hexagonal  prism  j  1 120 } 

Trigonal  prisms  ( lOlO } ,  {01101 

Hnacoid  {0001 1 

• 

Acid  silver  phosphate,  AgjHPO^,  has  been  assigned  to  this 
class  by  Dufet.  Fig.  174  represents  a  crystal  with  the  forms 
m{10T0},  Wi,{OlTO},  r{10Tl},  p{2021},  and  g{0221}.  Benitoite, 
BaTiSisOg,  a  mineral  from  San  Benito  County,  California,  de- 
scribed by  Louderback  was  also 
assigned  to  this  class,  but  accord- 
ing to  Je2ek  it  belongs  to  the  ja, 
ditrigonal  pyramidal  class.  ' 


11.  ISOMETRIC  SYSTEM        J^rC «. 


This  system  includes  all  crys- 
tals that  can  be  referred  to  three 
interchangeable  axes  at  right 
angles.  The  axes  may  be  desig- 
nated a^j  aj,  and  a^  as  in  Fig. 
175.  The  five  classes  of  the 
isometric  system  have  four  axes  of  3-fold  symmetry  in  common. 
The  cube  and  the  dodecahedron  occur  in  all  five  classes.  The 
angles  of  the  corresponding  forms  in  all  crystals  are  equal. 


Fia.  175. — ^Isometric  axes. 
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Isometric  Hexoctahedral  Class.    6A2'4As'3A4'9P(C) 

(Holohedral) 

The  crystals  of  this  class  have  the  maximum  degree  of  sym- 
metry possible  in  crystals.  The  four-fold  axes  of  symmetry  are 
the  axes  of  reference. 


Hexoctahedron 

48  faces 

hkl\ 

Trapezohedron 

24  faces 

hkk\ 

Trisoctahedron 

24  faces    1 

hhl\ 

Tetrahezahedron 

24  faces 

hkO\ 

Dodecahedron 

12  faces 

110} 

Octahedron 

8  faces 

nil 

Cube 

6  faces 

1001 

Hexoctahedron  {hkl}.  The  general  form  consists  of  forty- 
eight  faces,  the  symbols  of  which  may  be  derived  from  the  form 
symbol  by  taking  six  permutations  of  letters  and  eight  permu- 
tations of  signs.     Fig.  176  represents  the  hexoctahedron  {321}. 


FiQ.  176 


FiQ.  177.    \hkk\. 


Fio.  178.   \hhL\. 


Trapezohedron  {hkk}.  Each  face  is  a  trapezoid.  This  form 
is  sometimes  called  the  tetragonal  trisoctahedron  to  distinguish 
it  from  the  next  mentioned  form,  the  trigonal  trisoctahedron. 
Fig.  177  represents  the  form  {211}  which  is  common  on  garnet, 
leucite,  and  analcite. 

Trisoctahedron  {hhl}.  Each  face  is  an  isosceles  triangle.  With 
this  form  the  intercept  on  the  third  axis  is  greater  than  the  inter- 
cepts upon  the  other  two  which  are  equal,  while  with  {hkk\  the 
intercept  on  the  third  axis  is  less  than  the  intercepts  upon  the 
other  two.     Fig.  178  represents  the  trisoctahedron  {221}. 
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Tetrahexahedron  {hkO}.  This  form  is  so  called  because  it 
apparently  consists  of  a  four-faced  pyramid  on  each  cube  face. 
Fig.  179  represents  the  form  {210}. 

Dodecahedron  {110}.  This  form  (Fig.  180)  consists  of  twelve 
faces  each  rhombic  in  shape.  The  interfacial  angles  are  60° 
and  90°. 

Octahedron  {111}.  As  its  name  implies,  this  is  an  eight-faced 
form.  Each  face  is  an  equilateral  triangle.  The  interfacial 
angles  are  70°  32'.     (Fig.  181.) 

Cube  {100}.  The  cube  or  hexahedron  is  a  six-faced  form  with 
interfacial  angles  of  90°.     (Fig.  182.) 


Fia.  179.   {hklO\.  Fia.  180    {HO}.         Fia.  181.    {ill}.         Fiq.  182.   (lOO}. 

Combinations.  The  cube,  octahedron,  and  dodecahedron  are 
much  more  common  than  the  other  forms.  They  occur  alone 
and  in  combination  with  each  other.  See  Figs.  441-4  page  309. 
The  hexoctahedron,  trisoctahedron,  and  tetrahexahedron  usually 
occur  as  small  faces  modifying  simple  forms.  Although  quite 
varied  in  aspect,  isometric  crystals,  unless  much  distorted,  are  of 
about  equal  dimensions  in  all  directions  and  this  fact  aids  in  their 
identification. 

Galena,  garnet,  and  fluorite  are  given  as  typical  examples  for 
study  and  practice. 


Examples 

Galena.     Usual  forms:  a{100},   o{lll} 
aa(  100: 010)  =90°     0';     oo(lll:lTl)  =70° 


Interfacial   angles : 
32';     ao(100:lll)  = 


i 


4 

r 


i( 


*bi| 

-    ! 

I  r 


•!■:■    * 

M     f        i 


H 


•f 


^ 


;;^ 


\ 


I    i 


\ 


k:    Jl 
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540  44/      Figs.  183  to  187  represent  usual  combinations  varying 
from  the  cube  alone  to  the  octahedron  alone. 


a 


a 


Fia.  183. 


Fia.  186. 


Fia.  187. 


Garnet.  Usual  forms:  djllO},  n{211}.  Interfacial  angles: 
dd{  110: 101) -^eO""  0';  nn(211:121)  =33'^  33^';  nn(211:2Tl)  = 
48^  Hi';  dn(110:211)  =3(F  0'.  Figs.  188  to  191  represent  usual 
combinations  varying  from  the  dodecahedron  alone  to  the  trape- 
zohedron  alone. 


Fia.  188. 


Fig.  189. 


FiQ.  190. 


Fia.  191. 


Fluorite.  Usual  forms:  a {100},  /{310},  «{421}.  Cleavage 
parallel  to  {111}.  Interfacial  angles:  aa(100:010)  =90°; 
a/(100:310)  =18'^  26';   a^(100:421)=29°  12'.     Figs.  192  to  195 


r^^ 


a 


Liy 


Fia.  192. 


Fio.  193. 


Fio.  194. 


Fia.  195. 


represent   frequent   combinations.     The  plane  formed  by  the 
dotted  lines  in  Fig.  192  represents  octahedral  cleavage.     Fig. 
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195  represents  a  twin  crystal  in  which  two  cubes  are  twinned 
about  a  cube  diagonal. 

Isometric  Diploidal  Class.    SAj 4A3/tP(C) 

{Pentagonal  hemihedral) 
The  axes  of  2-fold  symmetry  are  the  axes  of  reference. 


Diploids 

Trapezohedron 

Trisoctahedron 

Pyritohedrons 

Dodecahedron 

Octahedron 

Cube 


24  faces  {hkl|,  |khl) 

24  faces  |hkk{ 

24  faces  |hhl| 

12  faces  I'hkO},  |khO) 

12  faces  |110} 

8  faces  {111} 

6  faces  |100} 


Of  these  forms,  all  but  the  diploid  and  pyritohedron  are  geo- 
metrically similar  to  those  of  the  preceding  class. 

Diploids  {hkl},{khl}.  The  general  form  is  a  24-faced  form, 
the  faces  of  which  lie  in  pairs  astride  the  planes  of  symmetry 
hence  the  name,  which  means 
double.  The  two  forms  {hkl}  and 
{khl],  which  are  congruent,  are 
distinguished  as  positive  and  nega- 
tive. Fig.  196  represents  the  posi- 
tive diploid  {321}. 

Pyritohedrons      {hkO},     {khO}. 
The    pyritohedron    is    so    named 

because  it  is  common  on  the  mineral  pyrite.  The  two  forms 
given  are  distinguished  as  positive  and  negative.  On  pyrite  the 
most  common  form  is  the  positive  pyritohedron  {210},  repre- 
sented by  Fig.  197. 

Examples 

Pyrite.  Usual  forms:  a{100},  e{210},  o{lll},  s{321},  n{211}. 
Interfacial  angles:  ae(100:210)  =26°  34';  e€(210:210)  =53'^  8';  ee 
(210:102)=66''25';eo(210:lll)=39''  14';  ao(100:lll)  =54°  44'; 
se(321:210)  =  17°   H';  sa(321:100)  =36°  42';  so(321:lll)  =22° 


Fia.  196.  {hkl},      Fia.  197.  {kkO\. 


M  *  bi| 


t. 
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12i';  an(100:211)=35°  16';  on(lll:211)  =  19°  28';  Figs.  198  to 
205  represent  common  types  of  pyrite  crystals.  The  cube  faces 
are  usually  striated  as  in  Fig.  198. 


Fia.  198. 


Fia.  199. 


FiQ.  200. 


FiQ.  201. 


/^^ 


FiQ.  202. 


Fio.  203.  FiQ.  204. 

Fios.  198-205.— Pyrite  Crystals. 


Fia.  205. 


Isometric  Hextetrahedral  Class,  SAj  4A3  6P 

(Tetrahedral  hemihedral) 
The  axes  of  2-fold  symmetry  are  the  axes  of  reference. 


Heztetrahedrons 

24  faces 

hkii, 

IhBl 

Tristetrahedrons 

12  faces 

hkk), 

thkk) 

Deltohedrons 

12  faces 

hhll, 

Ihhl) 

Tetrahedrons 

4  faces 

lllll, 

lllll 

Tetrahexahedron 

24  faces 

hkO) 

Dodecahedron 

12  faces 

no; 

Cube 

6  faces 

100; 

The  first  four  forms  are  geometrically  different  from  the  corre- 
sponding forms  in  the  hexoctahedral  class  and  are  described 
below. 

Hextetrahedrons  {hkl},  {hkl}.  This  24-faced  form  is  called 
the  hextetrahedron  as  it  apparently  consists  of  a  6-faced  pyra- 
mid built  upon  each  face  of  a  tetrahedron.  (Fig.  206.)  The 
two  forms  given  are  distinguished  as  positive  and  negative. 
They  occur  in  alternate  octants. 
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Tristetrahedrons  {hkk},  {hkk}.  These  forms  resemble  three- 
faced  pyramids  built  upon  each  tetrahedral  face,  hence  the  name. 
The  two  forms,  which  occur  in  alternate  octants,  are  distinguished 
as  positive  and  negative.     Fig.  207  is  a  positive  form. 

Deltohedrons  {hU},  {hEl}.  These  two  forms  are  also  positive 
and  negative  according  to  the  octant  in  which  they  occur. 
Fig.  208  represents  a  positive  form.  The  name  refers  to  the 
shape  of  the  faces. 


Fia.  206.   {hkl\.        Fig.  207.   {hkk\.        Fia.  208.   {hhl\.  Fio.  209.    {ill}. 

Tetrahedrons  {111},  {111}.  This  is  the  regular  tetrahedron 
of  geometry,  the  interfacial  angles  being  109°  28'  (Fig.  209).  Like 
the  previously  mentioned  forms,  the  positive  and  negative  forms 
are  exactly  alike  except  in  position.  The  two  forms  {111}  and 
{111}  in  equal  combination  constitute  an  octahedron  and  there- 
fore are  called  complementary. 

Combinations.  Crystals  of  this  class  usually  have  a  tetrahe- 
dral aspect. 


FiQ.  210. 


Fig.  211.  Fio.  212. 

Figs.  210-213.— Tetrahedrite. 


FiQ.  213. 


Example 
Tetrahedrite.     Usual  form^  o{lll},  o^{lll},  n{211},  d{llO}. 
Interfacial    angles:  oo(lll:lll)  =109°    28';    nn(211:121)  =33° 
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33i';  no(211:lll)  =  19°  28';  do(110:lll)  =35°  16'.     Figs.  210  to 
213  represent  usual  types  of  tetrahedrite  crystals. 

Boracite,  Fig.  508,  page  366  is  also  a  good  example  of  this 
class. 

Isometric  Gyroidal  Class.    6A3-4A3-3A4 

(Gyroidal  hemihedral) 

The  axes  of  4-fold  symmetry  are  the  axes  of  reference. 

;m  geometrically  different  from  those  of  the  hexoc- 
k,the  general  form,  which  is  called  a  gyroid.     The 
and  [Mk]  are  enantiomorphous  and  are  distin- 
iight  and  left. 

Sylvite,  KCl,  and  sal-ammoniac,  NH^Cl,  crystallize  in  this  class. 
Fig.  214  represents  a  crystal  of  NH^Cl  with  the  form  {943}. 


#5nl^ 


FiQ.  214. — Gyroid, 


Fio.  215.--Tetartoid. 


FiQ.  216. 


Isometric  Tetartoidal  Class.     3A2'4As 

(Tetartohedral) 

The  forms  in  this  class  are  the  tetartoid,  the  tristetrahedron, 
the  deltohedron,  the  pyritohedron,  the  dodecahedron,  the  tetra- 
hedron, and  the  cube. 

The  only  geometrically  new  form,  the  tetartoid,  has  twelve 
faces.  There  are  four  kinds  of  tetartoids  possible:  [hkl],  [khl], 
[hkl],  {fcW}.  Fig.  215  represents  the  form  {321}.  UUmannite, 
NiSbS,  has  been  placed  in  this  class  because  for  this  mineral  {210} 
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is  a  pyritohedron  and  { 111 }  a  tetrahedron.  Fig.  216  represents  a 
crystal  of  Ba(N03)2 with  a[  100},  o{  111 },  Oi{  iTl }, and  the  general 
form,  ;{421}. 


12.  TWIN-CRYSTALS 

Loose  isolated  crystals  are  comparatively  rare  in  nature. 
Crystals  are  usually  grouped  in  parallel  position  or  in  the  most 
irregular  manner.  A  discussion  of  these  cases  will  occupy  the 
next  section. 

A  peculiar  sort  of  grouping  is  known  as  twinning  and  crystals 
so  grouped  are  called  twin -crystals.     Many  crystals  are  found  t(v  . 
be  composed  of  two  parts,  one  half  of  which  has  apparently  been  * 


Fia.  217. 
Contact  twin. 


Fio.  218. 
Penetration  twin. 


Fio.  219. 
CJycKc  twin. 


Fio.  220. 
Polysynthetic  twin. 


revolved  180°  about  a  line  called  the  twin-axis.  The  plane 
normal  to  this  axis  is  called  the  twin-plane.  The  face  of  union  of 
the  two  individuals  is  called  the  composition-face.  It  may  or 
may  not  be  the  twin-plane.  The  twin-plane  is  always  a  crystal 
face  or  a  possible  crystal  face,  but  never  a  plane  of  symmetry. 
The  twin-axis  is  always  a  possible  crystal  edge  or  is  normal  to  a 
possible  crystal  face,  but  it  is  never  an  axis  of  even  symmetry. 

Twin  crystals  are  distinguished  as  (1)  contact  twins  in  which 
case  the  composition  face  is  definite  or  as  (2)  penetration  twins 
in  which  the  composition  face  ie  irregular.  Fig.  217  represents  a 
contact  twin  and  Fig.  218,  a  penetration  twin.  In  the  case  of 
contact  twins  the  twin -law  is  defined  with  respect  to  a  twin- 
plane,  while  in  penetration  twins  it  is  defined  with  respect  to  a 
twin-axis. 


li    -t 
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Twins  are  usually  recognized  by  the  presence  of  reentrant 
angles,  but  there  are  exceptions  to  this  general  rule. 

In  addition  to  twins  composed  of  two  individuals,  there  are  also 
multiple  twins  made  up  of  three  or  more  parts.     If  the  same  face 
serves  as  twin-plane  for  a  series  of  individuals  we  have  a  poly- 
synthetic  twin  {Fig.  220).     But  if  different 
faces  (of  the  same  form)   are  twin-planes 
we  have  a  cyclic  twin  (Fig.  219). 

A  polysynthctic  twin  may  consist  of    a 

large  number  of  individuals  and  some  of 

these  may  be  so  narrow  that  they  appear 

as  striations.     Cleavages  of  calcite  and  of 

plagioclase  often  show  twinning  stnations. 

In  calcite  the  rhombohedron  {0112{  is  the 

twin-plane   and   so   on  the  cleavage   face 

Fio.  221.— PiagiociBse.       |1011|    the  striations  are  parallel  to   the 

long  diagonal  as  represented  in  Fig.  235. 

In  plagioclase  the  twin-plane  is  usually  6|010!,  and  so  the  t^vin 

striations  appear  on  the  cjOOlj  cleavage  face  as  narrow  bands 

parallel  to  the  (001 :010)  edge  as  shown  in  Fig.  221. 

Examples 

Fig.  222  represents  a  twin  of  gypsum  with  {lOOj  as  twinning 
plane.  In  Figs.  223  (augite)  and  224  (hornblende)  jlOO}  is 
also  twin-plane.  Fig.  225  represents  a  Carlsbad  twin  of  ortho- 
clase.     This  is  a  penetration  twin  with  the  c-axis  as  twin-axis. 

Fig.  226  represents  a  cruciform  penetration  twin  of  staurolite. 
In  Fig.  227  a  contact  twin  of  aragonite  withm{  110)  as  twin-plane 
is  shown.  A  penetration  trilling  of  cenissite  is  illustrated  by 
Fig.  228.  Fig.  229,  a  twin  of  marcasite,  apparently  has  an  axii 
of  5-fold  symmetry.  The  angles  in  this  case  would  be  exactly 
72°  (^  of  360°),  but  accurate  measurement  proves  them  to  b« 
74°  55'  instead. 

Figs.  230  to  233,  inclusive,  represent  various  kinds  of  rutil( 
twins,  but   in  all  cases  (101)  is  the  twin-plane.     Fig.  230  is  | 
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simple  contact  twin;  Fig.  231  shows  twin  striations.     A  single 
band  inserted  in  twinning  position  like  Fig.  232  is  called  a  twin- 


FiG.  222. 


Fia.  226. 


Fig.  223. 


Fig.  224. 


Fig.  225. 


Fig.  227. 


Fig.  228. 


Fig.  229. 


711 


Fig.  230. 


Fig.  231. 


Fig.  232. 


Fig.  233. 


seam.     Fig.  233  is  a  cyclic  twin.     These  four  figures  are  ortho- 
graphic projections. 


"  *,-j 
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The  next  row  of  figures  illustrates  the  four  twin-laws  known 
for  calcite.  Fig.  234  is  the  scalenohedron  {2131}  twinned  on 
{ 0001 } .  Fig.  235  represents  a  calcite  cleavage  with  twin  lamellae 
inserted  parallel  to  {0112},  which  is  the  most  common  twin-law 


Fig.  234. 


Fig.  235. 


Fig.  236. 


Fig.  237. 


for  calcite.  Fig.  236  is  a  calcite  twin  with  {1011}  as  twin-law. 
while  Fig.  237  is  a  scalenohedron  twinned  on  {0221},  the  rarest 
of  the  twin-laws  for  calcite. 

The  next  four  figures  represent  twins  of  the  isometric  system. 
Fig.  238  (with  1 1 1  as  twin-plane)  is  called  the  spinel  twin  because 
it  is  so  common  for  the  mineral  spinel.     Fig.  239  represents  twin 


Fig.  238. 


Fig.  239 


Fig.  241. 


striations  observed  on  cubic  cleavages  of  galena.  Here  the  twin- 
plane  is  {441}.  A  penetration  twin  of  fluorite  with  the  cube 
diagonal  as  twin-axis  is  represented  in  Fig.  240,  while  Fig.  241  is 
a  twin  of  pyrite  with  the  a-axis  as  twin-axis.  This  is  known  as 
the  "eiseneres  Kreuz." 


I  a  Greek  word  meaning  a  bunch  of  grapes  (example,  chal-  t  --  \j 

iy).     Renifonn  means  kidney-shaped   (example,  hematite).  ''';*, 

litic  is  the  term  used  for  an  aggregate  of  shol-like  masses  ■j*'   N 

mple,  bauxite) ,  while  oSlitic  is  similai  except  in  size,  being 

fish-roe  (example,  cakite).  StalacHtic  indicates  that  the 
!ral  is  found  in  icicle-like  forms  (example,  calcite).  Den- 
;  means  branching  like  a  tree  (example,  copper) .  Concre- 
i  are  more  or  less  spherical  masses  formed  by  the  tendency  of 
;er  to  gather  around  a  center  (example,  siderite).     A  geode 

hollow  concretion  usually  lined  with  crystals  (example, 
tz.)     A  vug  is  a  cavity  in  a  rock  or  vein  lined  with  crystals. 
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Other  terms  such  as  mossy,  wire-like,  radiating,  rosette-shaped, 
leafy,  globular,  etc.,  are  self-explanatory. 

Very  few  minerals  are  strictly  amorphous.  Chalcedony, 
though  never  occurring  in  distinct  crystals,  always  shows  a  crys- 
talline structure  when  examined  between  the  cr(5ssed  nicols  of  a 
polarizing  microscope.  Opal,  on  the  other  hand,  is  amorphous, 
for  it  remains  dark  between  crossed  nicols.  Both  cryptocrystal- 
line  minerals  like  chalcedony  and  amorphous  minerals  like  opal 
often  occur  in  botryoidal  and  mammillary  forms. 

14.  THE  INTERNAL  STRUCTURE  OF  CRYSTALS 

It  is  the  general  belief  that  matter  is  coarse-grained,  being 
'made  up  of  discrete  particles  (or  groups  of  particles)  at  small, 
but  not  infinitesimal,  distances  apart.  Many  physical  phenom- 
ena such  as  expansion  on  heating,  transmission  of  light,  and  the 
polarity  of  tourmaline  can  only  be  satisfactorily  explained  by 
means  of  this  hypothesis. 

In  crystals  it  is  only  fair  to  assume  that  the  particles  have 
a  regular  arrangement,  while  in  amorphous  substances  the  ar- 
rangement is  haphazard.  The  law  of  rational  indices  is  one  of  the 
best  proofs  of  some  kind  of  molecular  structure.  A  crystal  is 
the  outward  expression  of  an  internal  structure.  This  internal 
structure  is  the  essential  character  of  a  crystal.  A  fragment  of 
quartz,  though  without  crystal  faces,  may  easily  be  distin- 
guished from  a  fragment  of  glass  by  polarized  light.  A  study 
of  the  physical  properties  (especially  the  optical  properties)  of 
crystals  reveals  the  fact  that  the  properties  are  the  same  for  all 
parallel  directions,  but  in  general  are  different  for  directions  not 
parallel. 

From  these  and  other  considerations  we  are  forced  to  the 
conclusion  that  the  arrangement  of  molecules  about  any  one 
molecule  is  the  same  as  that  about  any  other. 

Hauy,  the  founder  of  crystallography,  made  the  first  contribu- 
tion to  the  theory  of  crystal  structure.     A  crystal  of  calcite, 
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ientally  dropped,  broke  into  cleavage  fragments.  From 
and  other  observations  HaUy  was  led  to  suppose  that  crystals 
made  up  of  minute  cleavage  particles.  By  building  up 
;  particles  any  of  the  known  forms  of  a  mineral  can  be 
ited.  For  example,  in  galena  the  cleavage  particles  are 
3,  Omitting  a  certain  number  of  these  cubes  various 
idary  faces  would  result.  Thus  in  Figs.  242, 243,  and  244  the 
id  lines  represent  (110),  (210),  and  (310)  faces  respectively. 
e  particles  were  very  minute  the  faces  would  appear  smooth, 
lis  way  Haiiy  discovered  the  law  of  rational  indices. 


is  probable  that  the  units  of  crystal  structure  are  not  in  con- 
,  also  it  is  not  necessary  that  they  be  cleavage  particles,  "for 
!  minerals  have  no  cleavage.  The  centers  of  the  molecules 
leir  centers  of  influence,  as  they  are  probably  in  constant 
on,  may  be  represented  by  points.  Then  we  need  not  as- 
j  any  particular  shape  for  the  particles, 
ravais  established  the  fact  that  only  fourte&n  kinds  of  space- 
ees  or  kinds  of  arrangement  of  the  molecules  are  possible  in 
;als.  They  are  as  follows:  cube  (Fig.  245),  centered  cube 
.  246),  cube  with  centered  faces  {Fig.  247),  square  prism 
248),  centered  square  prism  (Fig.  249),  hexagonal  prism 
250),  rhombohedron  (Fig.  251),  rhombic  prism  (Fig.  252), 
;red  rhombic  prism  (Fig.  253),  rectangular  prism  (Fig,  254), 
;red  rectangular  prism  (Fig.  255),  clinorhombic  prism  (Fig. 
,  monoclinic  parallelepiped  {Fig.  257) ,  and  triclinic  prism  or 
ral  parallelepiped  (Fig,  258).  In  order  to  account  for  the 
y-two  classes  Bravais  assumed  that  the  molecules  them- 
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Fia.  245. 


Fig.  246. 


Fio.  247. 
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Fia.  248. 


Fm.  249. 


Fio.  250. 


FiQ.  251. 
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FiQ.  252. 


FiQ.  253. 


Fig.  254. 
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Fio.  265. 


Fig.  266.  Fig.  267.  Fio.  258. 

Figs.  245-258. — The  fourteen  space-lattices  of  Bravais. 
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selves  possess  symmetry,  but  this  is  not  necessary  for  even  if 
they  are  without  symmetry,  their  orientation  in  the  unit  cell  of 
the  space-lattice  will  account  for  all  observed  types  of  symmetry. 

By  considering  infinite  groups  of  movements,  which  include 
translations  as  well  aS  symmetry  operations,  Fedorow,  Schoen- 
flies  and  Barlow  have  proved  that  two  hundred  and  thirty 
types  of  crystal  structure  are  possible. 

There  is  an  intimate  connection  between  the  axes  of  symmetry, 
regular  arrangement  of  crystal  molecules,  and  the  rationality  of 
indices.  Only  axes  of  2-,  3-,  4-,  and  6-fold  symmetry  have  ever 
been  found  in  crystals.  Though 
this  rests  upon  an  empirical 
basis  it  would  seem  to  be  a 
law  of  nature  for,  of  the  thirty- 
two  crystal  classes  deduced 
mathematically  by  assuming'  fi 
only  these  axes  of  symmetry, 
representatives  have  been 
found  of  all  but  one.  More- 
over, no  crystal  has  ever  been  found  which  does  not  belong  to 
one  of  these  thirty-one  crystal  classes. 

Following  Lewis,  it  can  be  shown  by  a  consideration  of  Figs. 
259  and  260  that  if  we  assume  a  system  of  particles  arranged  at 
small,  finite  distances  apart  we  can  prove  that  only  axes  of  2-, 
3-,  4-,  and  6-fold  symmetry  are  possible.  Let  A^,  Aj,  etc.,  repre- 
sent centers  of  the  particles  and  let  A^Aj  be  the  smallest  possible 
distance  between  any  two  of  them.  A^  and  Ag  also  represent 
axes  of  symmetry.  In  Fig.  259  a  revolution  around  Ai  brings 
A2  to  Ag  and  a  revolution  around  Aj  brings  A^  to  A4.  If  the  angle 
of  revolution  is  60°,  A3  =  A4  and  AiA3  =  A2A3  =  AiAj.  In  this 
case  we  have  an  axis  of  6-fold  symmetry.  If  the  angle  of  rotation 
is  less  than  60°,  A^ A3  is  less  than  A^ Aj,  which  is  contrary  to  hy- 
pothesis. Therefore  no  axis  of  symmetry  of  degree  greater  than 
six  is  possible.  For  an  axis  of  5-fold  symmetry  we  have  an  angle 
of  rotation  of  72°  (|  of  360°) .     Now  a  rotation  of  72°  around  A, 
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Fig.  260. 
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(Fig.  260)  brings  Aj  to  A3  and  a  rotation  around  Aj  brings  A  ^  to 
A4.  Then  we  have  A3A4  less  than  A^Ag,  which  is  contrary  to 
hypothesis.  Therefore  only  axes  of  2-,  3-,  4-,  and  6-fold  sym- 
metry are  possible  if  crystals  have  a  regular  internal  structure. 

As  only  axes  of  2-,  3-,  4-,  and  6-fold  symmetry  have  ever  been 
found  on  crystals,  in  order  to  account  for  the  observed  facts  we 
must  assume  a  regular  internal  structure.  A  regular  internal 
structure  necessitates  the  rationality  of  the  indices,  for  the 
various  crystal  faces  are  planes  formed  by  the  omission  of  a 
certain  number  of  the  particles  in  certain  directions.  It  is 
often  stated  that  the  indices  are  simple  whole  numbers.  This 
does  not  follow  from  the  above  argument  nor  does  it  fit  the  ob- 
served facts,  for  the  indices  of  crystal  faces  are  often  large 
numbers.  For  example,  on  calcite  crystals  from  Seguache 
County,  Colorado,  the  author  found  as  the  dominant  form  a 
scalenohedron  with  the  symbol  {49-41'90-8}.  The  faces  were 
perfectly  smooth  and  gave  sharp  images  affording  measurements 
which  checked  almost  exactly  with  the  calculated  values.  There 
are  many  such  cases  on  record. 

According  to  the  structure  theory  of  Bravais,  the  faces  most 
apt  to  occur  are  those  in  which  the  centers  of  the  particles  are 
closest  together.  These  are,  of  course,  faces  with  simple  indices 
such  as  {110},  {120},  {130},  {210},  {310},  {410},  etc.  But  there 
is  no  reason  why  faces  with  large  indices  cannot  occur,  and  in 
fact  they  do  occur  and  are  not  to  be  explained  as  accidental. 
Out  of  400  combinations  of  cerussite  crystals  Hubrecht  men- 
tions {110}  as  occurring  374  times;  {111},  370  times;  {010},  357 
times;  {021},  279  times;  {Oil},  201  times;  {130},  192  times, 
while  such  forms  as  {013-1},  {1414-1},  {1113-1}  and  {4-86-451 
occur  only  once  or  twice  in  the  400  combinations. 

We  cannot  prove  by  direct  measurement  that  the  indices  are 
rational  for  all  measurements  are  subject  to  certain  errors.  That 
is,  we  cannot  distinguish  rational  numbers  from  irrational  num- 
bers by  any  measurements  we  can  make.  But  in  an  indirect  way 
there  is  proof  of  the  rationality  of  the  indices  as  we  have  seen 
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system  there  are  two  space-lattices  possible,  the  clinorhombic 
prism  and  the  monoclinic  parallelepiped.  As  we  shall  see,  the 
former  suits  orthoclase  better.  The  small  circles  in  the  side 
elevation  represent  centers  of  molecules  above  and  below  the 
plane  of  the  drawing.  The  drawings  show  why  (010),  (110),  130, 
(001),  (101),  and  (201)  are  the  faces  of  common  occurrence  on 


FiQ.  263a. 


Fia.  263b. 


The  probable  structure  of  orthoclase. 

orthoclase  and  why  such  faces  as  (120),  (210),  and  (101)  are  of  rare 
occurrence.  According  to  Bravais  cleavage  is  more  prominent 
the  greater  the  distance  between  adjacent  rows  of  molecules. 
Thus  in  orthoclase  we  have  cleavage  parallel  to  (001),  (010), 
and  (110)  as  shown  by  the  dotted  lines. 

15.  THE  GROWTH  AND  HABIT  OF  CRYSTALS 

Crystals  grow  by  accretion.     They  possess  no  organs  as  do 
plants  and  animals.     Except  for  external  faces  a  crystal  is  alike 
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Fio.  284, — CryataltiCea  imd  microHtee. 


result  (Fig.  397). 
ystais  usually  grow  more 
Jly  in  certain  directions  than 
thers.  The  general  appear- 
of  the  crystal  due  to  this 
rence  of  growth  in  different 
:tions  is  called  the  crystal 
t.  Such  crystals  as  the  micas  usually  have  a  limited  growth 
ae  direction  and  are  flat.  This  is  known  as  tabular  habit. 
lay  be  described  as  thin  tabular  or  thick  tabular.  In  other 
s  the  growth  is  largely  in  one  direction,  and  we  have  the 
natic  habit.  In  extreme  cases  we  have  adcular  or  needle- 
crystals,  or  capillary  crystals  with  the  relative  proportions  of 
hairs.  Other  habits  are  defined  as  pyramidal,  cubic,  octahe- 
,  etc. 

le  habit  of  crystals  is  probably  partly  inherent  in  the  sub- 
ce  and  partly  due  to  external  conditions  such  as  temperature, 
sure,  and  the  presence  of  foreign  substances.  While  little  is 
vn  as  to  the  cause  of   the  habit  of  crystallized  minerals, 
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Fig.  265. 


Fig.  266.         Fig.  267. 


some  important  experimental  observations  have  been  made  in 
connection  with  this  subject.  For  example,  calcite  may  be 
obtained  in  small  crystals  from  a  solution  of  CaCOg  in  carbonated 
water.  Vater,  a  German  investigator,  found  that  if  no  foreign 
substance  was  present  in  the  solution,  the  crystals  were  unit 
rhombohedra,  but  on  the  addition  of  sodium  sulfate,  calcium  sul- 
fate, etc.,  the  habit  of  the  crystals  was  changed.  As  more  and 
more  of  these  substances  was  added,  the  crystals  became  steeper 
rhombohedra  and  finally  passed  into  prismatic  crystals.  Figs. 
265,  266,  and  267  illustrate  the  change  in  habit  on  adding  sodium 

sulfate.  Alum,  which  usually 
crystallizes  in  octahedrons,  sepa- 
rates from  alkaline  solutions  in 
cubes. 

*  The  habit  of  a  mineral  is  often 
characteristic.  Barite  is  usually 
tabular  in  habit.  Crystals  of 
barite  prismatic  in  the  direction 
of  the  c-axis,  when  first  found  were  described  as  a  new  mineral 
so  unusual  is  this  habit.  Other  minerals  are  marked  by  a  great 
diversity  of  habits.  The  mineral  calcite,  for  example,  occurs  in 
endless  variety  of  combinations  and  the  habit  may  be  tabular, 
pyramidal,  rhombohedral,  scalenohedral,  prismatic,  as  well  as 
pseudo-cubic.     (See  Figs.  151  to  162,  page  51.) 

If  the  habit  of  a  crystal  changes  during  its  growth  this  fact  is 
often  made  apparent  in  transparent  crystals  by  a  so-called 
phantom-crystal  which  is  different  in  color  or  marked  by  a  row 
of  inclusions.  Fig.  268  represents  a  phantom  crystal  of  barite 
from  England.     At  an  earlier  stage  the  face  (010)  was  pre.sent. 

Striations  on  crystals  may  often  be  explained  by  the  oscillatory 
combination  of  two  forms.  Thus  while  the  prism  of  a  quartz 
crystal  is  being  formed  there  is  a  tendency  all  the  while  to  form 
the  rhombohedron,  and  this  tendency  is  manifest  in  the  striations. 
A  magnified  cross-section  of  a  quartz  crystal  would  appear  as  in 
Fig.  269. 
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needles  in  phlogopite  mica  from  Canada.     Here  the  rutile  needles 

are  arranged  in  three  directions  at  angles  of  about  60°,  which  are 

crystal  I  ograp  hie  directions  of  the  mica  (Fig.  271).     This  mica 

shows    the    phenomenon    of    asterism. 

When   a   hole   in  cardboard  is  viewed 

through  a  thin  sheet  of  the  mica  held  up 

to  the  light,  a  six-rayed  star  appears. 

Inclusions     are     sometimes     arranged 

zonally  in  bands  parallel  to  the  outline 

of  the  crystal. 

In    case    of    rock-aalt    or   halite    the 
Fio.  2T1.  ,  ,■ 

mother   liquor  often   occupies  a .  cubic 

cavity  known  as  a  negative  crystal  and  frequently  there  is  a 

bubble  which  changes  position  on  moving  the  specimen.  Quartz 
and  topaz  also  sometimes  show  a  moving  bubble. 

16.  THE  MEASUREMENT  OF  CRYSTALS 

The  starting  point  for  all  exact  work  in  the  description  or 
determination  of  crystals  is  the  measurement  of  their  interfacial 
angles.  It  is  the  external  or  supplement  angle  that  is  used 
rather  than  the  internal 
angle,  the  reasons  being: 
(1)  the  sum  of  the  sup- 
plement angles  of  a  zone 
is  equal  to  360°,  (2)  it  is 
easier  to  estimate  the 
supplement  angle  with 
the  eye,  and  (3)  the  angle 
read  ofE  on  the  reflection 
goniometer  is  the  sup- 
plementangle.  Interfa- 
cial  angles  are  measured  ' 

either  by  a  contact  goniometer,  which  is  a  protractor  made  of 
cardboard  or  metal,  or  by  an  instrument  called  the  reflection! 
goniometer.  ' 
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very  satisfactory  contact  goniometer  ia  that  devised  by 
jld  which  consists  of  a  graduated  semi-circle  printed  on 
ioard  with  a  pivoted  strip  of  celluloid  (see  Fig.  1,  page  4). 
!72  is  a  metal  goniometer  made  by  Fuess  of  Berlin.  With 
airly  good  results  accurate  to  about  J"  can  be  obtained  with 
ontact  goniometer,  but  the  faces  of  the  crystal  must  be 
th  and  of  appreciable  size. 


r  more  accurate  work,  especially  on  minute  crystals,  the 
tion  goniometer  is  used.  The  principle  of  measurement  is 
lows:  If  a  bright  face  of  a  crystal  is  held  close  to  the  eye  a 
tion  of  a  distant  object  such  as  a  window  bar  can  be  obtained. 
irning  the  crystal  about,  reflections  are  obtained  from  other 
The  angle  through  which  the  crystal  is  revolved  to  obtain 
nages  from  two  adjoining  faces  is  the  supplement  angle. 
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The  reflection  goniometer,  the  invention  of  Wollaston  in  1809, 
originally  consisted  of  a  vertical  graduated  circle  with  a  horizon- 
tal axis  bearing  the  crystal  carrier.  In  the  modem  type  of  gon- 
iometer the  graduated  circle  is  horizontal  and  the  axis  of  revolu- 
tion is  vertical.  Model  IV,  made  by  Fuess  of  Berlin,  Fig,  273,  is 
undoubtedly  the  best  goniometer  for  student  use.     A  central 


axis  s  bears  a  crystal  carrier  (axis  of  the  graduated  circle)  with 
adjustments  which  are  two  sliding  motions  (g  and  r)  at  right 
angles  and  two  tipping  motions  on  circular  arcs  at  right  angleis 
(o  and  n).  A  collimator  A  with  a  biconcave  slit  at  the  end  and  a 
telescope  B  which  may  be  set  at  any  angle  to  the  collimator 
complete  the  equipment.     A  source  of  light,  such  as  a  WelBbacb 
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intersection  edge  of  the  faces  is  in  line  with  the  axis,  an 
image  of  a  distant  object,  such  as  a  window-bar,  on  a  crystal  face 
is  made  to  coincide  with  the  edge  of  a  table  or  similar  line  of 
reference.  The  reading  of  the  pointer  is  talcen.  Then  carefully 
getting  the  same  image  again,  the  goniometer  is  held  firmly  and 
the  axis  carrying  the  crystal  is  rotated  until  a  similar  image  is 
obtained  from  an  adjacent  face.  The  supplement  angle  is  the 
difference  between  the  two  readings.  And  so  on  for  other  faces 
of  the  zone.  As  the  protractor  includes  but  180°,  only  part  of  the 
zone  can  be  measured  at  one  time. 

17.  THE  STEREOGRAPHIC  AND  OTHER  PROJECTIONS 

OF  CRYSTALS 

In  order  to  study  the  symmetry  and  the  angular  relations  of 
crystals  use  is  often  made  of  a  projection  of  a  crystal.  By 
representing  each  face  by  a  point,  their  shape  and  size  are  elimi- 
nated and  the  symmetry  made  apparent. 

There  are  various  methods  of  projection,  but  the  principal 
one  used  in  crystallography  is  the  stereographic  projection. 
Imagine  a  crystal  within  a  sphere,  their  centers  coinciding. 
Radii  are  drawn  normal  to  the  faces  of  the  crystal,  intersecting' 
the  sphere  in  points.  Each  face  then  is  replaced  by  a  point 
called  the  pole  of  the  face  (Fig.  276).  As  it  is  difficult  to  make 
measurements  on  a  spherical  surface,  a  projection  of  the  poles  is 
made  on  a  plane. 

The  plane  of  projection  is  a  plane  through  the  center  of  the 
sphere.  The  projection  of  any  face  on  this  plane  is  the  inter- 
section of  a  line  drawn  from  the  south  pole  of  the  sphere  to  the 
pole  of  the  face  with  this  plane.  In  Fig.  276  the  dots  are  poles 
of  the  faces  and  their  projections  are  the  small  crosses. 

The  most  important  property  of  the  stereographic  projec- 
tion is  that  all  circles  on  the  sphere  are  projected  as  circles  or 
as  straight  lines.  All  vertical  great  circles  appear  as  diameters 
of  the  primitive  circle,  as  the  projection  of  the  horizontal  great 


liN 


litive  circle.  Poles  on  vertical  great  circles  are  projected  by 
laying  off  angles  on  the  primitive.  Lines  are  then  drawn 
1  these  points  to  the  south  pole  on  the  opposite  side  (Fig. 
'.     The  projections  are  the  intersections  of  these  lines  with 
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the  trace  of  the  vertical  great  circle.  The  poles  on  an  oblique 
great  circle  are  projected  by  first  finding  what  is  called  the  pole 
of  the  great  circle.  This  is  a  point  on  the  diameter  normal  to  the 
great  circle  and  90°  from  its  intersection  with  the  great  circle. 
This  pole  is  found  as  indicated  in  Fig.  278,  p  being  the  pole. 
Angles  on  oblique  great  circles  are  laid  off  on  the  primitive.  The 
intersection  of  lines  drawn  from  these  points  to  the  pole  of  the 
great  circle  with  the  great  circle  itself  is  the  required  projection 
(Fig.  279). 

A  great  circle  may  be  drawn  when  three  points  are  known.  The 
center  of  the  circle  is  the  intersection  of*  the  perpendicular  bisec- 
tors of  the  chords  of  any  two  arcs  of  the  great  circle.  A  great 
circle  of  long  radius  may  be  drawn  by  a  beam  compass  or  by  a 
piece  of  thin  flexible  steel  bent  so  as  to  fit  the  known  points. 


Fia.  278. 


Fio.  279. 


Fia.  280. 


An  important  property  of  the  stereographic  projection  is  that 
the  angles  between  great  circles  are  projected  in  their  true  value. 
To  determine  the  angle  between  two  great  circles  draw  the  great 
circle  (dotted  arc  of  Fig.  280)  of  which  their  intersection  is  the 
pole.  The  angle  between  the  two  great  circles  is  the  same  as  the 
interfacial  angle  on  this  great  circle.  This  may  be  determined 
by  the  method  illustrated  in  Fig.  279,  for  the  intersection  of  the 
two  great  circles  corresponds  to  the  point  p. 

The  work  of  plotting  and  measuring  the  angles  of  a  stereo- 
graphic  projection  has  been  much  simplified  by  Penfield.  He 
used  large  sheets  with  a  graduated  circle  of  7  cm.  radius  on 
which  are  printed  several  scales,  one  for  laying  off  stereographic 
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spherical  triangle  graphically.  For  example,  in  Fig.  282  given  the 
angle  A  and  the  sides  h  and  c  of  a  spherical  triangle,  to  find  the 
angles  B  and  C  and  the  side  a.  From  any  point  A,  the  side  h  is 
laid  off  on  the  primitive,  then  a  great  circle  is  drawn  making  the 
angle  A  with  the  primitive  by  laying  oflF  the  stereographic  degrees 
on  the  diameter  90°  from  A.     The  side  c  is  laid  oflF  on  this  great 


7    f 


Fio    282. — Graphic  solution  of  a  spherical  triangle. 


circle  and  this  determines  the  point  B.  A  great  circle  BC  is 
drawn.  The  angle  C  is  measured  on  a  diameter  drawn  90°  to 
C  and  the  angle  B  on  a  great  circle  of  which  B  is  the  pole.  The 
work  is  very  easy  if  the  Penfield  sheets  and  protractors  are  used. 
In  the  example:  given  A  =  49,  6  =  73°,  c  =  50°;  found  graphically 
a  =  48°,  B  =  103°,  C  =  51°. 
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unity,  with  the  plape  of  projection  which  is  a  plane  through  the 
center  of  the  crystal  perpendicular  to  the  c-axis.  Fig.  284  is  the 
linear  projection  of  the  topaz  crystal  represented  by  Fig.  77. 
Zones  are  points  at  the  intersection  of  lines. 


FiQ.  284.— Linear  projentioa. 

18.  THE  DETERMINATION  OF  THE  GEOMETRICAL 
CONSTANTS  OF  CRYSTALS 

In  the  case  of  new  minerals  or  new  forms  of  described  minerals, 

it  is  necessary  to  determine  the  geometrical  constants  of  crystals. 
Although  work  of  this  kind  may  never  engage  the  student  in  after- 
life it  will  be  of  great  advantage  to  him  in  the  proper  understand- 
ing of  crystals. 

There  are  three  distinct  steps  in  this  work,  namely: 

(1)  The  graphic  determination  of  Miller  indices  from  the 
measured  angles. 

(2)  The  calcxdation  of  the  axial  dements  from  selected  measure- 
ments. 

(3)  The  calcvlation  of  the  theoretical  interfacial  angles  from,  the 
selected  measurements  and  the  graphically  determined  indices. 

For  the  determination  of  the  Miller  indices  a  graphic  method  is 
preferable  to  calculation,  for  it  furnishes  a  check  on  the  other 
work  which  consists  of  the  solution  of  plane  and  spherical  triangles. 
Besides  it  presents  a  picture  of  the  mathematical  operations 
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any  face  (pqr)  that  belongs  to  the  zone  [uvw]  the  following  must  be 
true  up-\-vq-hv)r  =  0.  This  is  known  as  the  equation  of  zone  con- 
trol. If  two  indices  of  a  face  in  a  known  zone  are  given,  we  may 
then  find  the  third  index  in  this  way.  If  a  face  (hkl)  is  common  to 
two  zones  [uvw]  and  [u^v'w^]  the  following  relation  is  true:  h  = 
vw^-v^w;  k  =  uw'-u'w;  l  =  uv^-u'v.  In  all  of  these  careful  atten- 
tion must  be  given  to  signs. 

The  method  of  determinants  may  be  used  to  ascertain  whether 
any  three  given  faces  are  in  a  zone  or  not.  The  indices  are  writ- 
ten in  the  form: 

1    1   1 

"-2  ^2  ^2 
"-3  '''3  ^3 

The  sum  of  the  left  to  right  products  (A^  X&2  X^3)  +  (fc^  XZ2  X  Ag)  + 
QiXhzXk^)   must  equal  the  sum  of  the  right  to  left  products 

rl  (liXk2Xh^)  +  (kiXh^Xk}  +  {Kxl2Xks)    if    the  three  faces   are 

in  a  zone.  This  fact  may  usually  be  told  by  inspection  if  the 
three  faces  are  written  in  the  determinant  form  as  above. 

A  graphic  method  of  obtaining  the  Miller  indices  of  an  ortho- 
rhombic  crystal  is  indicated  in  Fig.  286,  which  represents  the 
cerussite  crystal  sketched  in  the  lower  corner  of  the  drawing. 
The  known  faces^  area{100},  w{110},  6{010},  and&{011}.   The 

(^  problem  is  to  determine  the  indices  of  the  faces  r,  x,  i,  y,  and  p. 

Let  us  suppose  that  measurements  have  been  made  in  the  follow- 
ing zones:  [amrb]j  [xkib]j  [apk],  and  [at/].  A  stereographic  pro- 
jection is  first  made  from  the  measurements  of  the  interfacial 
angles  with  [amrb]  on  the  primitive  circle.  The  other  faces  are 
projected  as  indicated  on  page  83. 

11  First  take  the  zone  of  hkO's.     A  prolonged  radius  is  drawn 

through  m(llO).  From  the  intersection  of  a  tangent  at  a  with 
this  radius  a  line  RT  perpendicular  to  Oh  is  drawn.  This  consti- 
tutes the  unit  scale  line.  Intercepts  of  the  radii  of  hkO  and 
hkl  faces  on  this  line  are  in  the  ratio  of  h:k  in  terms  of  the  radius 
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*  Unit  faces  must  be  known  or  assumed. 
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taken  as  unity.     Thus  for  the  radius  through  r  the  intercept 
RT  is  iRT.     So  the  symbol  of  r  is  (130). 

For  the  zone  of  QkVs  a  similar  method  is  employed,  but  the 
angles  must  be  laid  oflF  in  another  quadrant.  By  folding  this 
over  90°  it  takes  the  position  Mb  with  x  at  a/,  fc  at  A;',  and  i  at  t'. 


Fia.  286. — Graphic  determination  of  Miller  indices. 

As  k  is  the  unit  face  (Oil),  a  radius  OS  is  drawn  through  k',  A 
tangent  from  h  parallel  to  OM  determines  another  unit  scale 
line  NS.  The  radius  through  x  intercepts  this  scale  line  at 
S  and  as  A^/S'  =  JNS,  the  indices  of  x  are  (012).  Similarly  the 
indices  of  i  are  (021)  for  NS"  =  2NS. 

For  hOl  faces  a  similar  method  is  employed,  but  as  there  is  only 
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(kOl)  face  the  position  of  Q,  a  possible  unit  face,  must  b' 
rmined.  This  is  on  the  great  circle  through  b  and  p. 
)  determine  the  indices  of  the  kkl  faces  use  is  made  of  zona 
lions.  For  zones  through  (100)  the  ratio  k:l  is  constant  fo 
ices  and  similarly  for  zones  through  (010)  the  ratio  hil  is  con 
t  and  for  zones  through  (001)  the  ratio  k:k  is  constant.     S< 

for  all  kkl  faces  the  corresponding  Okl,  AOi  or  hkO  faces  ar 
d  by  constructing  the  appropriate  arcs  of  great  circles. 

the  figure  the  zone  circles  akp,  bpQ,  and  0pm  (a  straight  line 
Irawn.  So  that  the  symbol  for  p  is  (111)  as  it  satisfies  bot 
=  1:1  and  A;&  =  1 :1.  The  zone  circle  through  b  and  p  deter 
!8  Q,  the  pole  of  a  possible  face  (101). 
)  determine  the  symbol  of  y  the  zone  aO  is  folded  over  t 
the  pole  y  and  the  pole  of  a  possible  face  Q  taking  the  pos 
i  y'  and  Q'.     Radii  through  y'  and  Q'  are  drawn  and  anothe 

scale  line  VW  is  established.  As  the  distance  yTr'  =  iyi 
iymbol  of  y  is  (102). 

g.  287  is  a  diagram'  used  to  determine  the  symbol  of  faces  i 
ven  rectangular  zone  if  the  symbol  of  one  of  them  is  knowi 
construction  is  simple.  In  a  square  of  convenient  size  rad 
drawn  from  one  corner  for  every  other  degree.  From  th 
line  perpendiculars  are  dropped  for  each  of  the  radii.  Hor 
al  lines  divide  the  sides  of  the  square  into  fractional  part 
ssponding  to  the  more  common  indices,  namely;  1:6,   1:; 

1:3,2:5,  1:2,  3:5,2:3,  3:4,4:5,  and  5:6. 
le  method  of  using  the  diagram  may  be  illustrated  by  a 
nple.  In  cerussite  the  angle  (001 :011)  is35''52'.  Alongth 
lis  for  36°,  the  horizontal  line  reading  1:2  (on  the  left)  cui 
vertical  line  for  20°.  The  calculated  angle  for  (001:012) 
>2i'.     The  angle  for  (001 :021)  is  found  at  the  intersection  < 

same  horizontal  line  (it  reads  2 : 1  on  the  right)  with  tl 
ical  for  36°.     This  intersection  is  on  the  diagonal  for  55"  3' 

H.  F.  Smith  desmbba  a  similar  device  called  Ihe  morioiram.  Mineralojcical  Ma) 
Vol.  14,  p.  49,  1904, 


ilated  55°  20')-     The 
m  of  the  vertical  throu 


Fia.  287  — DisBtam  for 

the  preceding  example 

[lit  angle  is  greater  thi 

The  readings  for  ang 
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Js,  the  indices  being  found  on  the  left  while  the  reading 
^les  greater  than  the  unit  are  given  on  the  radii  with  th 
i  on  the  right.  For  example,  in  barite  (001:011)  =52°  43 
112)  as  found  =  33°  15'  (calc.  33"  18')  and  (001:021)  s 
=  69°  (calc.  69°  6i').  In  this  case  c  from  the  scale  at  th 
Q  (now  the  top)  is  about  1.32  (calc.  1.313). 
establishing  the  axial  elements,  which  consist  in  the  mot 

1  caee  of  the  axial  ratios  a:b:c  and  the  axial  angles  a,  j 
it  is  necessary  either  to  take  the  measurement  of  selecte 
'usually  unit  faces)  and  use  these  for  the  calculation  or  1 
ae  the  measurements  of  all  the  faces,  weighting  those  froi 
it  signals.     The  formulae  used  in  the  simpler  cases  are  give 

irtheaxialelements  have  been  established,  these  values  ar 
iphically  determined  indices  for  the  various  faces  are  sul 
d  in  the  formuhe  and  the  theoretical  angles  obtain* 
e  part  of  the  record  for  the  mineral.     The  same  formul 

2  used  throughout.  Thus  the  formula  a  =  r  tan  {lOOihh 
e  solved  for  the  axis  a,  for  the  angle  (lOOikkO)  and  ev< 
i  ratio  k:k,  though  a  graphic  determination  of  the  indie 
erable  to  calculation. 

Formula  used  in  Simple  Cases 
tombic  System : 


n  Fig.  288  it  may  be  seen  that  i(hkO:hkO)  =(100:  hkO)  i 
AiW)  =  (010:M0). 

c  =  tan{001 :0I1)  =  i7  tan(001  rOAi) 
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Tetragonal  System : 

c=  tan(001 :011)  =j-  tan(001  :OA;Z) 

c  =  cot(010:011)=^-cot(010:0A:Z) 

c  =  \/2"tan(001 :  111)  =j^  \/2  tan(001  :MZ) 

c  =  \/2cot(110:lll)=|  \/2cot(110:MZ) 

The  angles  in  the  prism  zone  are  constant  for  all  tetragonal 
crystals.     Some  of  the  prominent  angles  are: 

(100: 110)  =45°  0' 
(100:430)  =36    52 
(100:320)  =33    41 
(100:210)  =26    34 
(100:310)  =  18    26 


Hexagonal  System : 


I 


c  =  cos  30°  tan(0001 :  1011)  =^t  cos  30°  tan(0001  :AOW) 

c  =  tan  (0001 :  1122)  =^  tan(0001 :  A-A-2^-Z) 

The  angles  in  the  prism  zone  are  constant  for  all  hexagonal 
crystals.     The  prominent  angles  are: 

(1010:1120)  =30°  0' 
(1010:2130)  =  19   6i 
(1010:3140)  =  13    54. 

Isometric  System.  There  are  no  axial  elements  to  be  deter- 
mined. All  isometric  crystals  have  the  same  angles  for  corre- 
sponding forms.     The  more  prominent  angles  are: 

(100: 111)  =54°  44';  (100^110)  =45°  0';  (111:110)  =35°  16'; 
(110: 101)  =60°  0';  (111 :  111)  =70°  32';  (210:100)  =26°  34'; 
(211: 121)  =48°  llf. 

For  other  isometric  angles  see  Dana,  System  of  Mineralogy 
6th  edition f  pp.  xx-xxvi. 
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OB  and  OC  is  93°  8',  the  proportional  lengths  of  the  axes  being 
Oil:Oi5:OC  =  37:100:104.  This  is  equivalent  to  a  rotation 
of  18°  26'  to  the  left  and  to  a  tipping  forward  of  9°  28'. 

This  axial  cross  is  modified  for  other  systems.  For  example, 
the  axial  cross  for  an  orthorhombic  crystal  with  the  axial  ratio 
0-8 : 1 : 1-3  is  0*8  X  37  :  100  :  1-3  X 104.  In  the  hexagonal  system 
there  is  a  third  lateral  axis.  In  Fig.  295  make  OS  equal  to 
1-732 XOA.  Join  S  with  B  and  B\  Bisect  BS  and  BS'  at  the 
points  jR  and  Q.  ROR\QOQ',  and  BOB'  are  the  three  lateral  axes. 
In  the  monoclinic  and  triclinic  systems  the  angles  between  the 
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FiQ.  297. — Showing  method  of  clinographic  drawing. 

axes  are  also  modified.  For  the  angle  p  between  a  and  c  the 
position  of  the  a-axis  is  changed  as  follows:  On  the  axis  OC 
(Fig.  296)  the  distance  OM  =  cosj3xOC  is  laid  off  and  on  the  axis 
OA  the  distance  ON  =  smPxOA  is  laid  off.  Then  the  6-axis  is 
the  line  QOQ',  QO  being  the  diagonal  of  a  parallelogram  MQNO. 
The  lengths  of  the  axes  are  modified  as  in  the  other  systems. 
After  the  axes  are  projected  in  their  proper  positions  the  next  step 
is  to  plot  a  linear  projection  of  the  crystal  on  these  axes  by  taking 
the  reciprocal  of  the  Miller  indices  and  then  nraking  the  third 
term  equal  to  unity.  The  desired  direction  of  the  intersection 
edge  of  the  two  faces  is  a  line  joining  the  intersection  of  the  linear 
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od,  perfect,  and  very  perfect  being  used.  Thus  the  mica 
ve  a  very  perfect  cleavage  parallel  to  (001)  (Fig.  302),  while  th 
dspars  have  a  perfect  cleavage  parallel  to  (001)  and  good  clea\ 
B  parallel  to  (010)  (Fig.  303). 


[Cleavage  conforms  to  the  symmetry  of  the  crystal.  In  bariti 
orthorhombic  mineral,  the  cleavage  is  perfect  in  one  directio 
rallelto  (001),and  less  perfect  in  two  directions  parallel  to  (IK 
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(Fig.  304).  In  gypsum  there  is  a  very  perfect  cleavage  parallel 
to  (010),  an  imperfect  cleavage  with  conchoidal  surface  parallel  to 
(100)  and  an  imperfect  cleavage  with  fibrous  surf  ace  parallel  to 
(111).  The  relation  of  a  cleavage  fragment  to  a  crystal  is  shown 
in  Fig.  306,  the  inner  rhombic  figure  being  the  result  of  cleavage. 
A  line  normal  to  the  paper  is  an  axis  of  two-fold  symmetry  for 
the  cleavage  fragment  as  well  as  for  the 
crystal.  In  fluorite  the  octahedral  cleavage 
conforms  to  the  symmetry  of  the  hexoc- 
tahedral  class  of  the  isometric  system.  In 
calcite,  whatever  the  shape  of  the  crystal,  the 
cleavage  is  perfect  rhombohedral  in  three 
directions  at  angles  of  74°  55'  to  each  other. 
Fig.  305  represents  a  cleavage  of  calcite  with 
three  surfaces  and  intersecting  cleavage  traces 
on  each. 

Cleavage  is  a  fairly  constant  property  ok 
minerals  and  is  invaluable  in  the  rapid  recog- 
nition of  minerals.     Such  minerals  as  calcite, 
fluorite,  feldspars,   amphiboles,  and  gypsum 
are  distinguished  principally  by  their  cleavage. 

On  the  other  hand,  such  minerals  as  quartz 
and  garnet,  possess  no  cleavage.  They  break 
with  an  irregular  fracture.  In  chalcedony  the  fracture  is  con- 
choidal (curved  like  the  interior  of  a  shell) .  Other  terms  ap- 
plied to  fracture  are  splintery,  hackly,  even,  and  uneven  which 
are  self-explanatory. 

A  table  giving  cleavage  directions  of  important  minerals  will 
be  found  on  pages  219-222. 

2.  Parting 

This  term  is  applied  to  the  separation  due  to  some  molecular 
disturbance  such  as  twinning.  Cleavage  may  be  obtained  in  any 
part  of  a  crystal  in  the  given  direction,  the  size  and  the  number 
of  the  cleavage  particles  being  limited  only  by  mechanical  appli- 


FiG.  306.— Relation 
of  cleavage  to  crystal 
(gypsum). 
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ana  also  flattened  out  witli  a  Hammer.  UoW  is  so  maiieatile  a  sub- 
stance that  it  may  be  beaten  into  sheets  about  one-three  hundred 
thousandth  of  an  inch  thick.    A  sectile  substance  is  one  that  can  be 


.ite,  but   is  scratched  by  orthoclase.     The  hardness  of   a  "  V^ 

jral  is  judged  both  by  its  effect  on  the  minerals  of  the  scale  --i    \ 

their  effect  upon  it.     If  a  mineral  scratches  fluorite  but  is  S      \ 

tched  by  apatite,  it  has  a  hardness  of  44.    Two  minerals  of  J  ■ 

same  hardness  will  scratch  each  other.  2, 

reat  care  should  be  used  in  determining  the  hardness.  A 
gn  substance  embedded  in  the  mineral  will  often  give  too 
a  value.  A  soft  mineral  leaves  a  chalk-mark  on  a  harder 
ao  the  mark  left  by  a  mineral  should  be  a  distinct  groove. 
jrals  made  up  of  grains  or  fibers  often  appear  too  low  simply 
.use  the  particles  are  forced  apart.     Thus  a  sandstone  made 


;        INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

of  sand  grains  with  hardness  of  7  may  appear  to  have  a  hard 
s  of  about  3  because  the  grains  are  rather  loosely  cemented 
i  value  recorded  in  the  description  of  minerals  is  the  maximur 
ue  for  crystallized  varieties.    For  example,  hematite  in  crystal 

a  hardness  of  6,  but  some  massive  varieties  have  a  hardness  c 
r  even  less. 

n  some  minerals  the  hardness  varies  with  the  direction,  as  i 
■s  for  all  theoretically.  Cyanite  in  a  direction  parallel  to  th 
icis  has  a  hardness  of  4J,  while  at  right  angles  to  this  the  hard 
s  is  about  7.     For  most  faces  calcite  has  a  hardness  of  3,  bu 

the  basal  pinacoid  (0001)  the  hardness  is  about  2,  bein 
itched  by  the  finger  nail. 

5.  Etch-figures 

in   important  method   of  determining   the   symmetry  of 
stal  is  by  means  of  etch-figures.     When  a  crystal  is  acte 
)n  by  a  solvent,  the  action  is  not  uniform,  but  begins  at  certai 
nts  and  proceeds  more  rapidly  in  some  directions  than  i 
ers.     If  the  action  is  stopped  at  the  right  time  the  faces  ( 

crystal  are  usually  found  to  be  covered  with  little  anguh 
ires  of  definite  shape  and  orientation  called  etch-figures.  Tt 
h-figures  are  usually  shallow  depressions  bounded  by  minul 
es.  The  fact  that  these  faces  are  often  general  forms  enabli 
;  in  many  cases  to  determine  the  crystal  class.  Examples  ai 
en  in  Figs.  129, 146,  and  147.  Without  etching  it  would  ha\ 
in  impossible  to  assign  these  substances  to  their  proper  cryst. 
ss.  The  shape  of  the  etch-figures  varies  with  the  solvent,  tim 
1  temperature,  but  whatever  their  shape  they  always  confor: 
symmetry  to  the  class  to  which  the  crystal  belongs.     On  sini 

faces  the  etch-figures  are  alike  and  on  dissimilar  faces  tht 

unlike.-  The  faces  of  etch-figures  lie  in  well  developed  zone 
;  they  have  high  indices.     There  is  no  rule  to  follow  in  obtaii 

etch-figures  as  it  is  simply  a  question  of  ease  of  solutio 
^stals  soluble  in  water  may  give  them  by  passing  a  moistem 
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lecific  gravity 
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le  weight  of  a 
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FiQ.  309.— Speeific  Emvity  baUoce. 

le  water  displaced.     The  substance  has  the  weight  A  in  air, 

Suspended  by  a  fine  thread  in  a  vessel  of  water,  it  has  the 

;ht  W.     Then  G=         -,  G  being  the  specific  gravity.     Nu- 

DUB  precautions  must  be  taken  to  insure  accuracy. 
).  The  most  convenient  specific  gravity  balance  for  the  prac- 
identification  of  minerals  is  that  represented  in  Fig.  309  which 
designed  by  the  author  and  is  used  in  his  laboratory.     It  con- 
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proper  precautions  this  method  is  very  accurate.  Fibrous  or 
porous  minerals  should  be  finely  powdered,  otherwise  the  value  is 
too  low. 

(e)  A  number  of  heavy  liquids  are  useful  in  determining  the 
specific  gravity.  Methylene  iodid,  CHjIj,  has  a  specific  gravity 
of  3.3  and  may  be  diluted  with  benzol  (sp.  gr.  =0.98),  forming  a 
liquid  with  any  desired  intermediate  specific  gravity.  A  water 
solution  of  potassium  mercuric  iodid,  KIHglj,  also  called  Thou- 
I6t  solution,  has  a  specific  gravity  of  3.19  and  may  be  mixed  with 
water  in  any  proportion.  The  specific  gravity  of  a  mineral  may 
be  determined  by  diluting  these  liquids  until  fragments  of  the 
mineral  neither  sink  nor  float,  but  remain  suspended.  A  West- 
phal  balance  is  used  to  determine  the  specific  gravity  of  the 
liquid.  The  heavy  liquids  are  especially  useful  in  separating 
I  mixtures  of  minerals  for  the  purpose  of  analysis. 
I  A  table  showing  the  specific  gravities  of  the  common  and 
important  minerals  is  given  on  pages  229-232. 

7.  Luster 

Luster  is  the  term  applied  to  the  quality  of  light  reflected  from 
a  substance.  Metallic  luster  is  the  brilliant  luster  of  metals 
possessed  by  most  sulfid  minerals  such  as  galena,  pyrite,  etc.,  as 
well  as  some  oxids  such  as  hematite  and  magnetite.  Minerals 
with  metallic  luster  are  opaque  even  on  the  thinnest  edges. 

Adamantine  is  the  brilliant  luster  of  transparent  or  translucent 
minerals  with  high  index  of  refraction.  Examples  are  diamond 
(n  =  2.41)  and  cerussite  (n  =  1.80-2.07).  Vitreous  is  the  luster  of 
broken  glass  possessed  by  most  transparent  or  translucent 
minerals  such  as  quartz,  calcite,  etc.  Pearly  luster  is  due  to 
continued  reflection  from  a  series  of  parallel  plates  and  is  pos- 

ssed  by  minerals  with  eminent  cleavage  such  as  gypsum  and 
ale.     Silky  luster  is  due  to  fibrous  structure  and  is  illustrated  by 

brous  serpentine  and  fibrous  gypsum.     Waxy,  greasy,  pitchy, 

d  dull  are  self-explanatory  terms  used  to  describe  luster. 
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8.  Color 

In  some  minerals  such  as  cinnabar,  orpiment,  malachite,  and 
azurite  the  color  is  a  property  of  the  substance  and  hence  is 
constant.  The  color  of  a  metallic  mineral  is  always  quite  con- 
stant, but  as  these  minerals  are  susceptible  to  tarnish  a  fresh 
fracture  should  always  be  observed. 

But  in  the  majority  of  non-metallic  minerals  the  color  is  due 
to  some  impurity  which  usually  exists  in  very  small  amounts  and 
varies  in  different  localities.  Thus  quartz,  calcite,  and  fluorite, 
if  pure  are  colorless,  but  they  are  found  in  practically  all  colors 
and  the  color  may  even  vary  in  the  same  specimen. 

A  table  for  determining  minerals  by  color  will  be  found  on 
pages  223-227. 

9.  Streak 

The  streak  of  a  mineral  refers  to  the  color  of  its  powder.  It 
may  be  determined  by  rubbing  a  corner  of  the  mineral  on  a  piece 
of  unglazed  porcelain  called  a  streak-plate.  In  the  absence  of  a 
streak-plate  a  smooth  piece  of  light  colored  flint  or  chert  may  be 
used.  A  thin  slab  of  novaculite  also  makes  an  excellent  streak- 
plate. 

The  streak,  though  colorless  for  most  non-metallic  minerals 
and  dark-gray  or  black  for  many  metallic  ones,  is  especially 
valuable  in  the  determination  of  a  few  common  minerals  such  as 
hematite    (streak,    red-brown),    and   limonite    (streak,    yellow 
brown) . 


1.  THE  NATURE  OF  LIGHT 

t  is  now  generally  believed  that  light  consists  of  a  vibratory 
,ion  or  some  kind  of  disturbance  in  the  ether,  a  hypothetical 
lium  which  is  supposed  to  pervade  all  space  and  even  material 
ies.  The  wave-motion,  as  it  is  called,  is  regarded  as  the 
iltant  of  simple  harmonic  motion  and  a  uniform  motion  at 
t  angles  to  this.  Fig,  310  explains  the  wave -motion.  Sim- 
harmonic  motion  is  uniform  motion  in  a  circular  path  as  it 
lid  appear  on  a  diameter  of  the  circle.     A  point  moving  from 
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3  d  appears  to  move  from  a'  to  d.  This  constitutes  a  periodi 
ration  with  varying  velocity  which  may  be  represented  by  th 
nging  of  a  pendulum.  If  this  is  compounded  with  linear  motio 
m  A  to  A'  we  have  the  harmonic  curve  ADGJA',  which  is  a  sin 

ve  represented  by  the  equation  y  =  a  sin  ^ir,  in  which  a 

I,  called  the  amplitude,  and  -^ ,  the  angular  velocity  in  th 
;le. 

Thus  light  consists,  to  the  best  of  our  knowledge,  of  a  periodi 
ration  (or  some  kind  of  disturbance  in  the  ether)  transverse  t 
direction  of  transmission,  though  we  know  nothing  of  il 
/■sical  nature.  It  may  be  illustrated  by  the  waves  observe 
ng  the  sea-shore.  A  floating  object,  in  general,  simply  mov* 
and  down,  while  the  wave  as  a  whole  advances  toward  th 
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["he   maximum  displacement,   OD    (Fig.   310),   is  called  th 

plitude  of  the  vibration. 

The  point  with  the  maximum  upward  displacement,   D,   ; 

led   the   crest  of   the   wave   and   the  point  with  maximui 

vnward    displacement,    J,    the    trough.      The   distance    b( 

!en   two   successive   crests   or   troughs,  or   a   correspondin 

bance  such  as  AA',  is  called  the  wave-lengtli  {denoted  by  th 

iek  letter,  ^). 

3y  phase  is  meant  the  position  of  any  point  and  the  directio 

which  it  is  moving.     Two  points  are  in  the  same  phase  whe 
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are  in  the  same  relative  position  and  movini 
3tion.  The  phase  difference  of  two  points  if 
't  of  tlieir  ordinates  in  terms  of  the  wave-Iengti 
ray  of  light  is  a  line  to  indicate  the  direction  o 
le  wave  motion.  A  wave-front  is  the  surface  i 
he  parts  of  a  system  of  waves  which  are  in  th 
,y  is  perpendicular  to  its  wave-front, 
[le  intensity  of  liglit  depends  upon  the  amplitud 
3,  and  the  color  of  the  light  depends  upon  the  i 
vibrations.  The  wave-length  for  the  violet  ei 
1  is  380/t/i  (millionths  of  a  millimeter)  and  for 
jpeetrum,  760/t^  (millionths  of  a  millimeter). 
sum  of  light  of  various  wave-lengths.  Fo 
ochromatic  light  O'ght  of  approximately  one 
t  be  employed  in  all  accurate  optical  work. 
lod  of  obtaining  monochromatic  light  is  to  igi 
um,  or  thallium  salt  on  platinum  wire  by 
id  yellow  (589/(;(),  red  (670/£/(),  or  green 
eetively.    The  sodium  salt  is  the  one  most  free 

2.  REFRACTION  OF  LIGHT 

hen  light  passes  from  one  medium  into  anotl.  — ,  —„ 

e  is  a  change  of  direction.  This  is  known  as  refraction.  A 
liar  illustration  is  the  apparent  bending  of  a  stick  in  water. 
ig.  311  theangleiiscalled  the  on^ieo/ incidence  and  the  angle 
e  angle  of  refraction.  There  is  found  to  be  a  constant  relation 
feen  the  sines  of  these  angles  and  whatever  the  direction  of 

smission,  -. —  =n  (a  constant).     The  constant,  n,  which  is 
'  smr         '  '  '     ' 

d  the  index  of  refraction  depends  upon  the  substaace  and 

1  the  kind  of  monochromatic  light  used.    The  index  of 

iction  for  the  violet  end  of  the  spectrum  is  greater  than  for 

■ed  end  of  the  spectrum  as  shown  in  Fig.  312.     The  following 
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es  of  refraction  (yellow  light)  for  some  of  tl 

Fluorite  1.43 

Quarts  1.55 

Apatite  1.63 

Garnet  1.76 

Sphalerite  2.37 

1  high  index  of  refraction  (1.9  or  over)  ha" 
ance  called  adamantine  luster,  while  miners 
refraction  have  ordinary  vitreous  luster. 
r  directions  of  transmission  should  be  me 

nula  ^      =n,  if  i  =  0°,  r  =  0°:  so  for  norm 
amr 

1  refraction.     If  i  =  90°,  the  equation  becom 

particular  value  is  called  the  critical  angi 

is  a  constant  for  the  substance.     A  graph 
lis  angle  is  shown  in  Fig.  313.     The  indie 


two  substances  are  the  radii  of  two  concent 
le  boundary  between  the  two  substances, 
from  the  intersection  of  the  inner  circle  wi 
A  radius  is  then  drawn  through  the  poi 
intersects  the  outer  circle.     The  angle  r  is  t 

ising  from  the  denser  (lower)  medium  to  t 


X  may  be  obtained  within  certain  limits.     The  most  useful 
da  are  as  foUowa: 


Water      , 

1.33 

Oil  of  olovea 

1.53 

Bromoform 

1.59 

1.6G 

Methylene  iodid 

1.74 

le  Becke  test  may  be  explained  by  referring  to  Fig.  314. 
d  S'  are  two  subatanees  in  contact  along  a  vertical  boundary, 
aving  the  greater  index.    A  cone  of  light  rays  from  the 
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ror  passes  upward  through  the  two  substances.  Light  wi 
roin  each  substance  into  the  other.  The  rays  1  to  6  will  a 
iito  the  denser  medium  S.'  Of  the  rays  7  to  12,  10  to  12  wi 
rem  the  denser  substance  S'  into  the  less  dense  substance  f 
le  the  rays  7  to  9  will  be  totally  reflected,  provided  the  critiei 
angle  is  such  that  a  ray  between 
and  10  grazes  the  boundary.  The 
on  changing  the  focus  slightly  t 
the  dotted  line  shown  in  the  figun 
there  is  a  concentration  of  light  o 
the  side  of  the  denser  substanc 
S',  which  constitutes  the  white  lim 
The  index  of  refraction  may  ale 
be  judged  by  the  appearance  of  th 
2  fragment    in   the   liquid.      If    th 

fragment  and  the  liquid  have  ahov 
3i4.~Eicpianaiion  of  Becke  t*8t.  the  Same  index  of  refraction,  th 
fragment  will  appear  smooth  an 
scarcely  be  visible.  This  is  called  low  relief  (Fig.  316^ 
on  the  other  hand,  the  indices  of  refraction  of  the  tw 
stances   are  quite  different  the  surface  of  the  fragmec 


appear  rough  and  the  borders  dark.  This  is  called  hig 
f.  It  should  be  noted  that  the  fragment  will  have  high  rt 
whether  its  index  is  less  {Fig,  315)  or  greater  (Fig.  317)  tha 

of  the  liquid. 
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3.  POLARIZED  LIGHT 

The  light  transmitted  through  a  slice  of  a  colored  tourmaline 
crystal  cut  parallel  to  the  c-axis  has  acquired  peculiar  properties 
as  may  be  seen  by  allowing  the  light  from  one  tourmaline  to  fall 
upon  another  similar  tourmaline.  When  similar  directions  of  the 
two  tourmalines  are  parallel,,  a  maximum  amount  of  light  is 
transmitted,  while  if  similar  directions  of  the  tourmalines  are 
perpendicular  no  light  at  all  is  transmitted!  The  simplest  expla- 
nation is  that  the  light  is  vibrating  in  one  plane  only.  Whether 
the  vibration  plane  is  the  plane  of  the  c-axis  or  a  plane  perpen- 
dicular to  this  we  do  not  know,  but  we  may  assume  it  to  be  the 
plane  of  the  c-axis.* 


Fia.  318. — ^Polarization  by  absorption. 


Fig.  319. — ^Polarisation  by  refraction. 


In  ordinary  light  the  vibrations  are  in  all  planes,  while  the  light 
transmitted  by  the  tourmaline  slice  is  in  but  one  plane.  This 
light  is  known  as  polarized  light.  Fig.  318  is  a  diagrammatic 
representation  of  ordinary  light  and  polarized  light  as  trans- 
mitted by  tourmaline. 

The  light  reflected  from  non-metallic  surfaces  such  as  glass  or 
polished  wood  is  more  or  less  polarized.     If  the  light  reflected 

>  Some  physicists  assume  that  the  other  plane  is  the  vibration-plane.  According  to 
the  electro-magnetic  theory  of  light  there  are  disturbances  in  both  planes.  In  the  plane 
of  the  c-axis  there  is  an  electrical  disturbance,  while  in  the  other  plane  there  is  a  magnetic 
disturbance. 
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nary  e.  This  phenomenon  is  known  as  double  refraction  and 
though  possessed  by  most  minerals,  only  in  a  comparatively  few 
is  it  marked  enough  to  be  seen  with  the  naked  eye. 


Fio.  321. 


FiQ.  322. 


Fia.  323. 


^ 


■HU^e 


Fio.  324a.  Fig.  324b. 

Fios.  321-324b. — Double  refraction  in  calcite. 


Light  that  emerges  from  a  doubly  refracting  substance  such  as 
calcite  has  acquired  peculiar  properties  as  may  be  demonstrated 
by  examining  this  double  image  with  a  tourmaline  section  cut 
parallel  to  the  c-axis.     When  the  c-axis  of  the  tourmaline  is 


Fig.  325. 


Fig.  326. 


Fio.  327. 


Fig.  328. 


Fig.  329. 


parallel  to  the  long  diagonal  of  the  calcite  Aomb  (Fig.  322)  only 
the  image  due  to  the  ordinary  ray,  o,  is  seen,  but  when  the 
c-axis  of  the  tourmaline  is  parallel  to  the  short  diagonal  of  the  cal- 
cite rhomb  (Fig.  323)  only  the  image  due  to  the  extraordinary 


.^i 


j 


INTRODUCTION  TO  THE  STUDY  OF  MINERALS 


e,  is  seen.  Hence  for  the  ordinary  ray  the  vibrations  are 
plane  of  the  long  diagonal  aad  for  the  extraordinary  ray  ti 
■ations  are  in  the  plane  of  the  short  diagonal.  See  Figs.  32< 
324b. 

'  the  double  image  formed  by  a  piece  of  Iceland  spar  be  view* 
lugh  another  piece  of  Iceland  spar,  in  general  four  images  a 
visible,  pairs  of  which  wax  and  wane  in  turn  ; 
one  of  the  Iceland  spars  is  revolved.  In  certa 
positions  90°  apart,  only  two  images  appea 
Figs.  325-329  show  diagrammatic  ally  the  chang< 
that  take  place.  The  symbols  o  and  e  refer 
images  produced  by  th6  first  rhomb,  while  wii 
the  second  rhomb  o  gives  rise  to  »„  and  o,  and 
to  Cg  and  e^ 
^^^,\  This  behavior  is  good  evidence,  if  not  proc 

that  in  doubly  refracting  ctystals  light  is  pola 
ized  and  is  vibrating  in  two  planes  at  right  angh 
to  each  other.  In  Figs.  325-329  the  short  lin. 
through  the  circles  indicate  the  vibration  plane 

6.  THE  NICOL  PRISH 

The  principal  device  for  producing  polarizf 

light  is  a  Nicol  prism,  so-called  from  the  nan 

of  its  inventor,  Nicol.     It  is  a  piece  of  apparati 

to   which    we   are   indebted   for   much   of   oi 

knowledge  of  crystal  optics.     A  clear  piece 

calcite  or  Iceland  spar  (this  variety  is  obtainf 

almost  exclusively  from   cavities   in  the  basa 

at  a  certain  locality  in  Iceland)  of  suitable  <i 

mensions  is  cut  through  in  a  plane   at    rigl 

angles  to  the  principal  section  and  93°  to  tl 

terminal  faces.     After  polishing,  the  two  halv 

cemented  by  Canadabalsam  and  mounted.   Fig.  330  represen 

irtical  cross-section  of  a  Nicol  prism  together  with  a  horizont 

1.     Now  as  the  refractive  index  of  the  ordinary  ray  of  calci 
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.65  and  that  of  the  balsam  about  1.54,  it  will  be  aeen  from  the 
lire  that  the  ordinary  ray  o,  in  passing  from  the  calcite  to  the 
.aam  cement  does  not  enter  the 
Isam,  but  is  totally  reflected, 
eting  the  surface  at  an  angle 
:ater  than  the  critical  angle. 
e  extraordinary  ray,  e,  passes 

through  the  balsam  cement 
t  slightly  affected  by  the 
Isam,  as  for  this  particular 
ection  of  transmission  they 
ve  almost  the  same  index  of 
raction.  So  that  there 
erges  from  the  upper  surface 
the  nicol,  plane  polarized  light 
;h  vibrations  parallel  to  the 
irt  diagonal  of  the  calcite 
jmb  as  indicated  in  Fig.  330. 
[f  a  Nicol  prism  is  examined 
;h  a  tourmaline,  darkness  re- 
ts when  the  c-axis  of  the 
irmaline  is  parallel  to  the  long 
igonal  of  the  calcite  rhomb. 
If  two  nicols  have  their  short 
Lgonals  parallel,  light  goes 
rough  unaffected,  save  the 
ensity  is  diminished,  but  on 
'olving  one  of  the  nicols,  the 
ht  gradually  fades  until  their 

Drt    diagonals    are    at     right    Fia.33i.— Poiari»ii«[micposiiopB(i/4Bi«e). 
gles,  when  darkness  results. 

6.  THE  POLARIZING  UICROSCOPE 

The  polarizing  or  petrographic  microscope  (Fig.  331)  differs 
im  an  ordinary  microscope  in  the  addition  of  a  rotating  stage 
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for  measuring  angles  and  of  two  Nicol  prisms  one  above,  the 
other  below,  the  stage.  Two  nicols  are  necessary,  for  the  effects 
due  to  polarized  light  cannot  usually  be  distinguished  except  by 
another  nicol.  The  lower  nicol  is  called  the  polarizer  and  the 
upper  one,  the  analyzer.  The  lower  one  fits  into  a  socket  so  it 
maybe  rotated,  but  ordinarily  it  is  set  so  that  its  vibration  plane 
is  at  right  angles  to  that  of  the  upper  nicol.  Then  the  field  should 
be  dark  and  the  nicols  are  said  to  be  crossed. 

In  some  cases  we  use  the  lower  nicol  alone  and  then  its  vibra- 
tion plane  must  be  known.  A  cleavage  fragment  of  calcite  has 
high  relief  when  its  long  diagonal  is  parallel  to  the  plane  of  vibra- 
tion of  the  nicol  (see  Fig.  364,  p.  147). 


Fig.  332. — Centering  the  stage. 


Fig.  333. — Measuring  an  angle. 


In  order  to  use  the  rotating  stage,  its  center  must  coincide 
with  the  optical  center  of  the  microscope  tube.  The  method  of 
centering  the  stage  may  be  explained  by  referring  to  Fig.  332. 
A  and  B  are  centering  screws  90°  apart,  located  either  on  the 
stage  or  on  the  microscope  tube,  preferably  on  the  latter.  The 
two  perpendicular  lines  across  the  field  represent  the  cross-hairs. 
An  object,  o,  on  a  glass  slide  is  placed  at  the  intersection  of  the 
cross-hairs.  Suppose  on  revolution  of  the  stage  it  appears  to 
revolve  in  the  dotted  circle  until  it  resumes  the  position  o. 
Then  revolve  the  stage  180°,  correct  for  one-half  the  error  by  the 


7.  IHTERFEREHCE  COLORS  \<)l'\ 

K 

thin  platea  of  aingly  refracting   (isometric)    crystals   are  I'     \ 

lined  between  crossed  nicols  there  is  no  result,  for  the  tj 

nal  field  remains  dark.  But  if  thin  plates  of  doubly 
rcting  crystals  are  examined  between  crossed  nicols  there 
ts  the  beautiful  color  effects  known  aa  interference  colors, 
-der  to  explain  these  colors  it  is  necessary  to  consider  the  re- 
obtained  in  examining  the  doubly  refracting  plates  in 
achromatic  light.  If  two  light  waves  or  train  of  waves  of 
same  wave-length  travel  along  the  same  path,  after  they 
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have  travelled  different  distances  in  another  medium,  they 
combine  in  general  to  produce  a  new  wave,  the  abscissa  at  any 
point  of  which  is  equal  to  the  sum  of  the  abscissae  of  the  two 
original  waves.     This  is  called  interference. 

There  are  two  special  cases  of  importance.  (1)  The  two  waves 
have  the  same  amplitude  and  a  phase  difference  or  path  differ- 
ence of  iX.  As  can  be  seen  from  Fig.  334  they  neutralize  each 
other  and  darkness  is  the  result.     That  is,  two  light  waves  can 


Fbase  difference  — -j- 
Fias.  334^336. 


combine  so  as  to  produce  darkness.  (2)  The  two  waves  have 
the  same  amplitude  and  a  phase  difference  of  X.  In  this  case  the 
new  wave  will  have  the  same  phase,  but  the  amplitude  will  be 
doubled  (Fig.  335).  For  intermediate  cases  such  as  phase  dif- 
ference of  iXy  the  resultant  wave  will  have  an  intermediate  ampli- 
tude (Fig.  336).  Interference  results  when  light  waves  from  the 
same  source  go  over  the  same  path  one  in  advance  of  the  other. 
There  are  two  methods  of  obtaining  interference,  one  by  the  use 
of  thin  films,  the  other  by  the  use  of  doubly  refracting  crystals. 


■v    iriiau    i-iic   it;taiua|jii^ii^   ui    lagging   i^i    uiic   inj    uciiiiiti    i;iic  ^^^ 

,  is  equal  to  ^X,  we  have,  for  that  particular  thickness,  dark-  \  \ 

while  for  a  retardation  of  i  we  have  light  of  maximum  inten- 
So  that  with  a  wedge-ahaped  film  in  monochromatic  light 
nX 
ive  a  series  of  dark  bands,  for  retardations  of  -^   and  nX 

ce  the  same  effect  as  -^  and  X  respectively. 

w  let  us  consider  the  case  of  doubly  refracting  crystals.  A 
of  parallel  light  waves  from  the  polarizer  or  lower  nicol 
the  crystal  and  are  broken  up  into  two  sets  of  waves  one 

ting  in  the  plane  of  the  paper,  say,  and  the  other  in  the 
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plane  normal  to  the  paper.     See   Fig.    338.     At    certain   points 

on  the  upper  surface  there  will  emerge  two 
sets  of  waves  travelling  in  the  same  path 
but  vibrating  in  planes  at  right  angles  to 
each  other,  and  oblique  to  the  planes  of 
vibration  of  the  nicols.  In  order  that  thev 
may  interfere  it  is  necessary  to  reduce  the 
vibrations  to  one  plane  and  for  this  pur- 
pose an  analyzer  or  upper  nicol  is  necessary. 
The  effects  produced  depend  upon  the  rela- 
tive positions  of  the  nicols,  upon  the  position 
of  the  mineral  with  reference  to  the  nicols, 
and  upon  the  phase  difference  of  the  two  sets 
of  polarized  light  waves. 

Fig.  339  explains  diagrammatically  what 
happens  when  a  doubly  refracting  crystal 
is  examined  between  the  crossed  nicols  of  a 
polarizing  microscope.  A  ray  of  light  enter- 
ing the  lower  nicol  is  broken  into  two  rays, 
e  and  o.  One  of  these  (o)  is  totally  reflected 
and  disappears.  The  remaining  ray  (e)  is 
broken  into  two  rays  (e'  and  o')  by  the 
mineral  plate.  These  two  rays,  which  are 
vibrating  at  right  angles  to  each  other,  are 
each  broken  into  two  rays  (e",  o",  and  e'^', 
o'");  by  the  upper  nicol.  One  from  each  of 
these  (o"  and  o'")  is  totally  reflected  and 
finally  there  emerges  from  the  top  of  the 
upper  nicol  two  sets  of  waves  (e"  and  e'") 
vibrating  in  the  same  plane  and  these  inter- 
fere with  each  other. 

With  crossed  nicols  darkness  results  when 

the  phase  difference  is  X.     In  Fig.  340  PP'  is 

the  vibration  plane  of  the  lower  nicol  and 

FiQ.  339.  AA'  of  the  upper  nicol,  RR'  and  SS',  the 


a  phase  difference  of  i-i,  we  have  the  intensity  shown  in  Fig. 
Thus  the  intensity  varies  between  0  for  a  retardation  of  X, 
a  maximum  for  retardation  of  ik. 

8  can  be  seen  from  Fig.  343,  the  retardation  produced  by  a 
ge-shaped  section  of  a  crystal  will  vary  from  point  to  point, 
itardation  of  nX  will  give  darkness  and  a  retardation  of  -^i  will 

1  a  maximum  intensity.  Hence  a  wedge  examined  in  mono- 
imatic  light  between  crossed  nicols  will  appear  as  a  series  of 


tA 
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parallel  dark  bands  interspersed  with  colored  spaces,  the  color 
depending  upon  the  monochromatic  light  used. 

For  white  light  we  have  the  combined  effect  of  all  the  colors 
of  the  spectrum.  Some  idea  of  the  interference  colors  seen  in 
white  light  may  be  gained  by  a  study  of  Fig.  344.  (This  diagram 
may  be  colored  by  the  student.)  The  top  of  the  figure  represents 
a  wedge-shaped  section  as  viewed  in  various  kinds  of  monochro- 
matic light,  there  being  a  dark  band  at  positions  which  give 
retardations  of  nL    For  each  of  these  colors  a  medium  value  of 
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Fia.  343. 


the  wave  length  is  chosen  as  follows:  red,  700/z/z;  orange,  620/i/£; 
yellow,  560/z/£;  green,  515/z/z;  blue,  460/£/z;  violet,  410/zjm.  The 
top  row  of  figures  gives  the  value  of  retardations  in  jj.jj.. 

The  lower  part  of  the  figure  indicates  the  interference  colors  as 
seen  in  white  light.  Let  us  consider  the  colors  in  succession.  The 
intensity  of  different  parts  of  the  spectrum  varies  and  has  an 
influence  in  determining  the  color.  Yellow  is  the  most  intense, 
and  violet,  the  least  intense  part  of  the  spectrum.  The  color 
chart,  as  it  is  called,  begins  with  darkness,  succeeded  by  dark  gray 
which  gradually  becomes  lighter.     At  about  250/ipL  all  the  colors 

combine  to  form  white  light.  At  280/£/£(^  for  yellow)  yellow  is  at  a 

maximum,  but  mixed  with  white  gives  straw  yellow.  At  310/f/i 
and  at  350 n/i  orange  and  red  respectively,  are  at  a  maximum,  but 
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the  great  intensity  of  the  yellow  modifies  these  colors  and  places 
them  further  to  the  right,  for  at  340/z/z  the  color  is  bright  yellow. 
At  57 b/ijj.  violet  is  the  color.  Though  of  weak  intensity,  violet  is 
produced  here  because  the  other  colors  are  practically  extin- 
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Fio.  344. — ^The  color  chart  and  its  derivation. 

guished.  As  can  be  seen  from  the  diagram  the  colors  follow  in 
order:  blue,  green,  yellow,  and  red.  At  1125j«/z  violet  appears 
again.  At  this  point  only  red,  blue,  and  violet  are  near  a  maxi- 
mum.    But  red  and  blue  together  produce  violet.     Then  in  order 
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we  have  blue,  green,  yellow,  and  red  again.  After  this  the  colors 
are  paler  and  pass  into  neutral  tints  and  finally  into  white  which 
resembles  ordinary  white  light. 

There  is  a  repetition  in  the  colors,  but  they  gradually  become 
fainter.  The  colors  from  black  up  to  the  first  violet  (J  =  57 5 juljul) 
are  called  first  order  colors,  from  this  violet  up  to  the  second  violet 
(J  =  1125pLpL)f  second  order  colors  and  so  on.  In  white  light  six 
or  seven  orders  may  be  distinguished,  but  in  monochromatic 
light  there  is  no  limit  to  the  number  of  orders  as  determined  by 
the  dark  bands. 

By  trial  it  may  be  found  that  the  interference  color  depends 
upon  three  factors:  (1)  the  double  refraction  which  is  a  constant 
for  the  crystal;  (2)  the  orientation  or  direction  in  which  the 
crystal  is  cut  (in  a  thin  section  of  sandstone  the  quartz  grains, 
cut  in  various  directions,  have  a  great  variety  of  interference 
colors) ;  (3)  the  thickness  as  may  be  seen  in  a  quartz  or  selenite 
wedge. 

The  formula  A=t{n^  —  n)  gives  the  relation  between  J,  the 
retardation  in  /i/z,  i,  the  thickness  of  the  plate  and  in^  —  ri),  the 
double  refraction,  n^  and  n  being  the  two  values  of  the  indices  of 
refraction  for  a  particular  section.  For  a  given  substance  with 
known  indices  of  refraction  the  thickness  may  be  measured  and 
the  interference  colors  predicted.  Or  the  thickness  may  be 
measured,  the  retardation  determined  from  the  color  chart,  and 
the  double  refraction  calculated.  Or  the  thickness  may  be  cal- 
culated that  will  give  a  certain  interference  color  for  a  crystal 
with  known  double  refraction.  In  the  color  chart  at  the  bottom 
of  Fig.  344,  the  horizontal  lines  represent  the  thickness  from 
0.00  to  0.05  mm.,  ordinary  rock  slides  and  fragments  being 
from  0.03  to  0.05  mm.  in  thickness.  The  vertical  lines  give 
retardations  in  [xpL  while  the  diagonal  lines  represent  the  amount 
of  the  double  refraction.  A  crystal  of  0.03  mm.  thickness  and 
double  refraction  of  0.02  has  a  retardation  of  600/£;£  (0.000600  = 
0.03X0.02),  and  gives  a  violet  interference  color. 


3  to  the  crystal  outlines  we  have  various  kinds  of  extinction 
ch  are  characteristic  of  crystals  of  the  various  systems.  In 
!  the  directions  are  parallel  to  the  outline  we  have  parallel  ex- 
tion.  This  is  represented  by  the  convention  of  Fig.  345,  the 
is-hairs  of  the  microscope  being  parallel  to  the  vibration- 
lea  of  the  nieols,  and  the  crystal  placed  in  the  position  of 
sness.  If  the  directions  arc  not  parallel  to  the  outline  we 
e  oblique  extinction  (Fig.  346).  The  particular  case  in  which 
le  directions  make  equal  angles  with  the  edges  of  the  crystal 
illed  symmetrical  extinctioD  (Fig.  347). 
he  angle  between  an  extinction  direction  and  the  prominent 


!^^ 
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edge  of  a  crystal  is  called  the  extinction  angle,  and  is  characteris- 
tic of  certain  crystals  in  certain  directions.  The  extinction  angle 
is  determined  by  taking  a  reading  when  the  outline  is  parallel  to 
one  of  the  cross-hairs  (the  stage  being  centered)  and  then  revolv- 
ing the  stage  until  maximum  darkness  results,  when  another  read- 
ing is  taken.  The  difference  between  the  two  readings  is  the 
extinction  angle.  In  Fig.  346  the  extinction  angle  indicated  by 
the  arrow  is  about  15°.  It  may  be  noticed  that  there  are  two 
possible  extinction  angles  which  are  complementary.  The 
smaller  angle  (<45°)  is  usually  taken. 

Accurate  determinations  of  the  extinction  angle  are  made  in 
monochromatic  light.  A  convenient  determination  in  white 
light  may  be  made  by  using  a  selenite  plate  which  gives  a  field 
showing  red  of  the  first  order.  This  is  called  the  sensitive  tint, 
the  least  change  giving  either  orange-red  or  violet-blue.  When 
inserted  in  the  slot  provided  for  test-plates  a  doubly  refracting 
mineral  appears  the  same  tint  of  red  as  the  red  field  only  when  in 
the  extinction  position. 

9.  DIRECTION  OF  THE  FASTER  AND  SLOWER  RAYS 

For  a  section  of  a  doubly  refracting  crystal  cut  in  any  direction 
there  are  in  general  two  values  of  the  index  of  refraction  corre- 
p,  sponding  to  the  two  vibration  direc- 

tions at  right  angles  to  each  other. 
One  of  the  values  is  greater  than  the 
other,  otherwise  there  would  be  no 
double  refraction.  Interference  is 
caused  by  one  ray  getting  behind  the 
other.  This  is  the  slower  ray,  the 
other  being  the  faster  ray.  The  ra}^ 
with  the  greater  index  of  refraction  is 
the  slower  ray  and  the  one  with  the 

Fig.  348. — The  relation  of  velocity  n        *     ^  e       e         ,•        •,!       «.. 

to  index  of  refraction.  Smaller  mdex  of  rcf ractiou  IS  the  faster 

ray,  as  may  be  proved  by  means  of 
Fig.  348.     Parallel  rays  pp'  on  passing  from  air  into  a  section 


;ent  light.  The  miea  piate  itself  gives  a  pale  bluish-gray 
rference  color  of  the  first  order  and  when  placed  in  the  slot 
nded  for  the  purpose  in  the  microscope  tube  causes  the  inter- 
nee color  of  a  crystal  section  placed  in  the  position  of  maxi- 
n  illumination  to  be  loweted  or  raised  by  HO/t/i  (see  color 
:t).  The  color  goes  up  when  similar  directions  are  parallel 
en  slower  ray  of  crj'stal  coincides  with  slower  ray  of  the 
a  plate)  and  down  when  dissimilar  directions  are  parallel 
en  slower  ray  of  crystal  coincides  with  faster  ray  of  the  mica 

e  or  vice  versa).  — 

hia  test  is  usually  employed  to  determine  the  elongation  of 


r 
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the  crystal,  that  is,  to  test  whether  the  long  direction  of  the 
crystal  is  the  slower  ray  or  the  faster  ray.  Examples  of  the  two 
cases  are  given  in  Figs.  349  and  350,  the  dotted  rectangle  repre- 
senting the  mica  plate  with  arrow  indicating  the  slower  ray. 
In  the  first  case,  the  crystal  originally  with  red  interference  color  is 
changed  to  blue,  when  its  length  is  parallel  to  the  arrow  of  the 
mica  plate.     Hence,  the  elongation  is  parallel  to  the  slower  ray. 


FiQ.  349. — ^Positive  elongation. 


Fig.  350. — Negative  elongation. 


This  is  called  positive  elongation.  In  the  other  case,  the  red  crys- 
tal is  changed  to  blue,  when  its  length  is  parallel  to  the  faster  ray 
of  the  mica  plate,  the  faster  ray  being  always  perpendicular  to 
the  slower  ray.     This  is  called  negative  elongation. 

10.  CLASSIFICATION  OF  CRYSTALS  FROM  AN  OPTICAL 

STANDPOINT 

From  an  optical  standpoint  there  are  three  divisions  of  crystals: 
isotropic  (isometric),  uniaxial  (tetragonal  and  hexagonal)  and 
biaxial  (orthorhombic,  monoclinic  and  triclinic).  In  discussing 
the  optical  properties  it  is  convenient  to  employ  a  geometrical 
representation  of  the  optical  structure.  The  figure  formed  by 
taking  as  radius  vector  the  index  of  refraction  in  various  direc- 
tions is  called  the  optical  indicatriz.  The  indicatrix  is,  in  general,, 
an  ellipsoid,  sections  of  which  are  ellipses.     The  important  prop- 


le  interference  color.  |L!M 

rom  thcae  tests  it  will  be  seen  that  the  indicatrix  is  an  ellip-  K  \  ^ 

I  of  revolution.     The  axes  of  an  elliptical  section  through  the 

ds  represent  the  indices  of  refraction,  one  of  which  designated 

is  the  maximum  of  all  possible  values  in  the  crystal,  while  the 

er,  designated  n„,  is  the  minimum  of  all  possible  values.     In 

le  cases  ;■, '  or  the  slowest  ray,  is  the  c-axis,  while  in  other  cases, 

>r  the  fastest  ray,  is  the  c-axis.     This  divides  the  uniaxial 

itals  into  two  divisions,  the  optically  positive  (c  =  ;-)  and  the 
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optically  negative  (c  =  a)j  the  terms  positive  and  negative  being 
purely  arbitrary.  The  indicatrix  of  positive  crystals  is  an  oblate 
spheroid  and  that  of  negative  crystals,  a  prolate  spheroid. 

The  determination  of  the  optical  character,  that  is,  whether 
positive  or  negative,  is  made  by  ascertaining  the  faster  and  slower 
ray  in  a  section  parallel  to  the  c-axis,  or  in  a  basal  section  by 
testing  the  interference  figure,  obtained  by  convergent  light,  with 
a  mica  plate. 

Crystals  of  the  remaining  systems,  orthorhombic,  monoclinic, 
and  triclinic,  constitute  the  biaxial  division.  Of  all  the  possible 
values  of  the  indices  of  refraction  in  a  biaxial  crystal  it  is  found 
that  one  section  contains  the  direction  y  corresponding  to  the 
maximum  index  of  refraction  n^  and  also  the  direction  a  corre- 
sponding to  the  minimum  index  of  refraction  n^.  For  other  sec- 
tions the  indices  of  refraction  are  intermediate  between  the 
maximum  and  minimum.  The  direction  perpendicular  to  the 
plane  of  y  and  a  is  called  ^  or  sometimes  the  optic  normal.  The 
index  of  refraction  n^  is  intermediate  between  n^  and  n^,  but  is 
not  a  mean  value. 

The  indicatrix  for  biaxial  crystals  made  by  laying  off  on  three 
rectangular  axes  the  values  n^,  n^,  and  n^  or  indices  of  refraction 
for  the  three  directions  mentioned  is  a  triaxial  ellipsoid.  The 
maximum  interference  color  for  a  given  thickness  is  given  by  the 
section  which  includes  y  and  a.  The  interference  colors  vary 
from  this  maximum  to  a  minimum,  but  there  is  no  section  that 
remains  dark  between  crossed  nicols  as  in  uniaxial  crystals. 

Fig.  351  is  the  section  of  a  triaxial  ellipsoid  which  contains  y 
and  a.  There  are  two  circular  sections  of  this  ellipsoid.  Lines 
normal  to  these  circular  sections  are  peculiar  directions  corre- 
sponding somewhat  to  the  single  direction  or  c-axis  of  uniaxial 
crystals.  These  directions  are  called  optic  axes,  hence  the 
term  biaxial.  A  plate  normal  to  an  optic  axis  appears  uniformly 
bright  between  crossed  nicols  for  all  positions  of  rotation.  The 
optic  axes  always  lie  in  the  plane  of  y  and  a,  which  is  called  the 
plane  of  the  optic  axes  or  the  axial  plane,  and  the  acute  angle 
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between  the  optic  axes  is  called  the  axial  angle,  denoted  by  the 
term  2V.     In  Fig.  351  OA  and  OA'  are  the  optic  axes  and  AOA' 
the  axial  angle.     The  optic  axes  are  always  symmetrically  placed 
with  respect  to  y  and  «.      The  line 
bisecting  the  axial  angle  is  called  the 
acute  bisectrix,  denoted  by  Bxa.     The 
line   bisecting   the   obtuse  angle  be- 
tween  the   optic   axis   is   called  the 
obtuse  bisectrix,  denoted  by  Bxo. 

There  are  two  divisions  of  biaxial 
crystals  according  to  whether  the 
acute  bisectrix  is  y  or  a.  The  former 
are  called  positive  (Bxa  =  y)  and  the 
latter,  negative  {Bxa  =  a),  a  purely 
arbitrary  designation.  Fig.  35 1  repre- 
sents a  positive  crystal. 

The  determination  of  the  optical 
character  may  be  made  by  testing  for 
the  faster  and  slower  ray  in  a  section  fiq.  351. 

known  to  be  perpendicular  to  the  acute 

bisectrix.     It  may  also  be  determined  in  this  kind  of  section  by 
obtaining  an  interference  figure  and  testing  it  with  a  mica  plate. 

11.  INTERFERENCE  FIGURES 

The  tests  mentioned  up  to  this  have  been  made  by  using  ordi- 
nary parallel  light  or  polarized  parallel  light.  A  unique  series  of 
eflfects,  important  in  the  identification  and  description  of  minerals, 
may  be  obtained  by  examining  suitable  sections  in  convergent 
polarized  light.  For  this  purpose  either  a  polariscope  or  a 
polarizing  microscope  may  be  used.  A  polariscope,  Fig.  352,  is  an 
instrument  consisting  essentially  of  an  analyzer  and  polarizer 
with  slight  magnifying  power  and  strongly  convergent  lenses 
both  above  and  below  the  stage. 

If  the  polarizing  microscope  is  used,  a  high  power  objective 
(No.  7  Fuess,  No.V  Seibert,  or  J  Bausch  and  Lomb),  and  also  a 


j 
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condensing  lens  placed  just  below  the  stage  must  be  substituted  i 
for  the  ordinary  set-up.  Either  the  eye-piece  must  be  removed  I 
or  a  special  lens,  called  the  Bertrand  lens,  must  be  inserted  in  the 
microscope  tube  between  the  upper  nicol  and  the  eye-piece.  | 

The  color  effects  seen  when 
basal  sections  of  uniaxial  crys- 
tals and  sections  of  biaxial 
crystals  cut  normal  to  the 
acute  bisectrix  are  examined  i 
in  convergent  light  between 
crossed  nicol s  are  known  as 
interference  figures.  ' 

With  isometric  crystals  no 
interference  figures  are  ob- 
tained for  there  is  no  double 
refraction.  Double  refraction 
is  necessary  for  the  produc- 
tion of  interference  figures. 
In  fact,  interference  figures 
are  simply  the  result  of  inter- 
ference colors,  due  to  varying 
double  refraction  in  diflferent 
directions,  combined  and 
modified  by  the  darkness  due 
to  crossed  nieols. 

Basal  sections  of  uniaxial 
crystals  examined   in  mono- 
chromatic   convergent    light 
between  crossed  nieols  give  a 
dark    cross    with   dark    con- 
centne  rmgs  (Fig.  353).     The 
explanation  is  simple  (see  Fig.  356).     Strongly  convergent  rays 
of  light  traverse  the  crystal  in  various  oblique  directions  and  the 
effect  is  the  same  as  if  rays  of  parallel  light  traverse  a  wedge  of 
the  crystal.     So  that  along  any  radius  we  get  a  dark  band  where 


For  sections  not  quite  parallel  to  the  basal  plane  the  dark  cross 
rotation  of  the  stage  is  eccentric,  but  the  arms  always  remain 
rallel  to  the  vibration  planes  of  the  nicols  and  revolve  in  the 
me  direction  in  which  the  stage  is  rotated  (see  Fig.  355). 
With  ordinary  white  light  we  still  have  the  black  cross,  but 
3  dark  rings  become  colored  rings,  the  colors  of  which  vary 
im  black  at  the  center  through  gray,  yellow,  red,  and  so  on 
til  after  six  or  seven  orders  there  is  practically  while  light, 
le  number  of  rings  depends  upon  the  thickness  and  also  upon  the 
uble  refraction.  In  very  thin  sections  there  may  be  no  rings 
(ible.     Very  thick  sections  show  the  full  number  of  rings. 


r 
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Quartz  with  weak  double  refraction  shows  for  ordinary  thickness 
no  rings  at  all,  while  calcite  with  very  strong  double  refraction 
shows  a  large  number  of  rings. 

The  optical  character  of  a  uniaxial  crystal  may  be  determined 
from  the  interference  figure  by  inserting  in  the  slot  a  mica  j>late 
with  the  slower  ray,  -jr,  in  the  45°  position.     The  interference  figure 


Fig.  356. 


is  changed,  the  dark  cross  disappearing  and  two  dots  appearing  in 
two  opposite  quadrants  as  represented  diagrammatically  in  Fig. 
354.  If  the  imaginary  line  joining  the  two  dots  is  perpendicular 
to  y  of  the  mica  plate,  the  crystal  is  positive  (Fig.  354),  while  if 
parallel  to  y  of  the  mica  plate,  it  is  negative.  This  is  due  to  the 
fact  that  the  interference  colors  "go  up"  in  two  opposite  quad- 
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rants  and  "go  down"  in  the  other  two  quadrants.  The  rings 
then  are  not  continuous,  but  broken  and  the  two  rings  nearest 
the  center  are  the  two  dots. 

Sections  of  biaxial  crystals  cut  normal  to  the  acute  bisectrix 
show  an  interference  figure  something  like  Fig.  357,  with  a  black 
cross  and  two  sets  of  concentric  ellipses  passing  into  8-shaped 
curves  or  ieminscates.  In  monochromatic  light  the  rings  are 
dark  and  in  white  light  colored.  On  revolving  the  section  on  the 
Btage  the  dark  cross  opens  up  and  passes  into  an  hyperbola  as 


liown  in  Fig.  358,  which  represents  the  45°  position.  The  line 
oining  the  centers  of  the  ellipses  is  the  trace  of  the  axial  plane, 
he  center  of  the  ellipses  representing  the  emergence  of  the  optic 
,xes.  Hence  the  distance  apart  of  the  branches  of  the  hyperbola 
3  a  measure  of  the  axial  angle.  If  these  are  close  together  the 
.xial  angle  is  small,  if  far  apart  the  axial  angle  is  large.  If  the 
x-isil  angle  is  too  large,  the  hs^perbola  does  not  appear  at  all  using 
Jo.   7  Fuess  objective. 

The  biaxial  interference  figure  may  be  explained  by  means  of 
fie  diagrammatic  Fig.  359.  The  optical  structure  of  biaxial 
t-ystals  is  symmetrical  to  three  planes  at  right  angles  to  each 
tlier.  One  of  these  is  the  plane  of  the  paper,  while  the  other 
^o  are  represented  by  their  traces,  the  vertical  and  horizontal 
laes  of  the  figure,  which  are  also  vibration  planes  of  the  two 
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nicols.  The  two  small  circles  are  traces  of  the  optic  axes.  The 
extinction  directions  for  various  parts  of  a  crystal  may  be 
obtained  by  bisecting,  internally  and  externally,  the  angles 
formed  by  joining  any  point  with  the  traces  of  the  optic  axes. 
The  dotted  lines  represent  this  procedure  for  one  point.  In 
similar  manner  the  small  crosses  were  obtained  for  different  parts 
of  the  crystal.  In  the  normal  position  a  black  cross  will  be 
formed  along  the  vertical  and  horizontal  lines.  On  revolving  the 
section  the  black  cross  disappears.     In  the  45°  position  an  hyper- 


Fio.  359. — ^Explanation  of  a  biaxial  interference  figure. 

bola  is  formed  by  the  darkness  of  different  parts  along  the  hyper 
bola  as  can  be  seen  from  the  figure.  In  the  90°  position  the  cross 
is  restored. 

The  number  of  rings  depends  upon  the  strength  of  the  double 
refraction  and  upon  the  thickness,  but  the  distance  betwee 
the  branches  of  the  hyperbola  remains  constant  whatever  t 
thickness. 

The  optical  character  is  determined  by  means  of  a  quartz  wed 
on  which  is  marked  the  slower  ray  t'.  The  quartz  wedge  i 
inserted  in  the  slot  thin  end  first  when  tjie  interference  figur 
shows  hyperbolae.     Then  when  f  is  parallel  to  the  trace  of  th 
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axial  plane  the  ellipses  appear  to  expand  for  positive  crystals 
and  to  contract  for  negative  crystals. 

A  section  normal  to  an  optic  axes  shows  a  series  of  concentric 
rings  crossed  by  a  dark  bar  which  revolves  in  an  opposite  direc- 
tion from  the  rotation  of  the  stage. 

12.  OPTICAL  PROPERTIES  OF  TWIN-CRYSTALS 

One-half  of  a  twin  crystal  has  the  same  position  with  respect 
to  the  other  half  that  it  would  have  if  rotated  180°  about  an  axis 
from  its  original  position.  From  this  it  can  be  seen  that  the 
extinction  angles  in  two  halves  of  a  twin  crystal  are  equal,  but 
opposite  in  sign,  if  the  section  ia  cut  normal  to  the  twin-plane. 
Thus  in  a  cleavage  of  a  selenite  twin  the  extinction  directions  are 
inclined   to   each   other.     Consequently   if   examined   between' 


e 


crossed  nicols  one-half  of  such  a  crystal  is  dark,  while  the  other 
half  is  light  (see  Fig.  360).  On  rotation  the  light  and  dark  parts 
interchange. 

A  section  of  a  polysynthetic  twin  such  as  plagioclase  shows  a 
series  of  dark  and  light  bands,  the  extinction  directions  in  alter- 
nate bands  being  parallel  (see  Fig.  361). 

Many  orthorhombic  crystals  such  as  aragonite  and  K^SO^  are 
pseudo-hexagonal  by  twinning,  and  basal  sections  between  crossed 
nicols  are  divided  into  six  sectors  like  Fig.  362,  opposite  pairs  of 
vvhich  extinguish  together.  Basal  sections  of  aragonite,  like 
Fig.  362,  examined  in  convergent  polarized  light  show  a  biaxial 
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interference  figure  in  each  sector  but  arranged  so  that  the  axial 
planes  are  parallel  to  the  outline.  An  optical  examination  reveals 
the  composite  nature  of  many  apparently  simple  crystals. 

13.  ABSORPTION  AND  PLEOCHROISM 

The  color  of  a  transparent  substance  is  due  to  the  residual 
color  of  the  spectrum  left  after  the  substance  has  absorbed  a 
certain  part  of  it.  Many  colored  anisotropic  crystals  have  the 
property  of  absorbing  different  amounts  or  kinds  of  light  in 
different  directions.  Absorption  has  reference  to  the  amount  or 
intensity  of  light  absorbed  and  hence  may  be  tested  in  mono- 
chromatic light  while  pleochroism  refers  to  the  kind  of  light 
absorbed  and  so  must  necessarily  be  tested  in  white  light. 

A  prismatic  crystal  of  epidote  from  the  Sulzbachthal  in  Tyrol, 
if  not  too  thick,  will  appear  green  in  a  certain  position,  while  on 
revolving  it  90°  about  its  long  axis  it  will  appear  brown.     Few 


Fig.  363. — Dichroscope. 

substances  show  such  a  marked  change  as  this,  and  at  any  rate 
it  is  not  always  possible  to  turn  a  crystal  about  and  look  through 
it  in  various  directions. 

The  determination  of  pleochroism  and  absorption  is  made 
either  by  means  of  one  nicol  of  a  polarizing  microscope  in  which 
case  minute  crystals  may  be  examined,  or  by  means  of  the  dichro- 
scope when  large  crystals  are  available. 

A  4^phroscope  is  simply  a  piece  of  Iceland  spar  set  in  a  cylin- 
drical frame  that  is  provided  with  a  small  aperture  at  one  end  and 
either  open  or  provided  with  a  lens  at  the  other  end.  Fig.  363  is 
a  diagrammatic  representation  of  the  dichroscope.     When  held 
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up  to  the  light  the  dichroscope  shows  two  images  of  the  aperture 
side  by  side,  the  diameter  of  the  aperture  being  made  such  that  the 
images  do  not  overlap.  If  a  pleochroic  crystal  is  viewed  through 
the  dichroscope  two  colored  images  are  seen  simultaneously. 
The  reason  for  this  is  that  in  a  doubly  refracting  calcite  crys- 
tal we  have  two  sets  of  light  waves  vibrating  in  planes  at  right 
angles  to  each  other. 

The  color  of  some  crystals,  as  we  have  seen,  varies  with  the 
direction,  but  by  using  a  Nicol  prism  we  may  observe  the  two 
colors  successively,  one  when  the  vibration  plane  of  the  nicbl  is 
parallel  to  the  length  of  the  crystal,  and  one  when  perpendicular 
to  the  length  of  the  crystal.     These  colors  are  called  axial  colors. 


> 
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Fig.  364.— Calcite. 


Fig.  365.— Biotite. 


In  uniaxial  crystals  there  are  two  axial  colors,  hence  the  term 
dichroic.  In  biaxial  crystals  there  are  three  axial  colors,  hence 
the  term  tricbroic. 

In  order  to  determine  the  axial  colors  for  particular  directions 
it  is  necessary  to  ascertain  the  vibration  plane  of  the  lower  nicol. 
For  this  purpose  a  rock-section  containing  biotite  may  be  used. 
Hiotite  sections  showing  cleavage  have  very  strong  absorption. 
On  revolving  the  section  the  biotite  becomes  very  dark  every 
180°.  The  cross- wire  which  is  parallel  to  the  length  of  the  biotite 
when  it' is  darkest  represents  the  vibration  plane  of  the  lower 
nicol  as  illustrated  in  Fig.  365,  the  arrow  indicating  this 
direction. 
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If  a  rock-section  containing  biotite  is  not  available  the  test 
may  be  made  by  examining  minute  cleavage  fragments  of  calcite 
obtained  by  pounding  to  a  coarse  powder  any  kind  of  calcite. 
If  mounted  in  oil  of  cloves  or  Canada  balsam,  the  calcite  rhombs 
have  a  marked  relief  when  their  long  diagonals  are  parallel  to 
the  vibration  plane  of  the  lower  nicol,  but  slight  relief  when  their 
short  diagonals  are  parallel  to  this  direction  as  represented  in 
Fig.  364.  The  vibration  direction  of  the  lower  nicol  is  indicated 
by  the  arrow. 

The  trichroism  of  a  biaxial  crystal  is  beautifully  illustrated  by 
the  soda  amphibole,  glaucophane,  as  seen  in  thin  rock-sections 


FiQ.  366. 


Fig.  367.  Fiq.  368. 

Fios.  366-368. — ^Pleochroism  of  glaucophane. 


under  the  microscope.  Three  kinds  of  cross-sections  may  be 
distinguished  as  follows:  pseudo-hexagonal  (Fig.  366),  stout 
rectangular  (Fig.  367),  and  thin  with  oblique  ends  (Fig.  368). 
These  sections  are  respectively  almost  perpendicular  to  the  c,  b, 
and  a  axes.  These  sections  when  rotated  on  the  stage  of  the 
microscope  show  respectively  the  following  pairs  of  colors :  neu- 
tral and  violet,  blue  and  violet,  blue  and  neutral.  It  will  be  seen 
that  the  color  for  the  a-axis  is  the  neutral  tint  for  the  mineral 
has  this  color  when  the  a-axis  is  parallel  to  the  vibration  plane  of 
the  nicol  (represented  by  the  arrow).  Similarly  the  violet  is  the 
color  for  the  &-axis  and  blue  for  the  c-axis.  The  three  axial  colors 
may  be  combined  in  an  axial  cross  (Fig.  369). 
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In  glaucophane  it  has  been  found  that  6  =  /?  and  a  (almost)  =  a 
and  c  (almost)  = ;'.  The  absorption  may  be  indicated  by  the 
following:  Y>p>a.  This  is  called  the  absorption  scheme  and 
means  that  more  light  is  absorbed  in  the  y  or  c-direction  than  in 
the  /?  or  6-direction  and  more  in 
the  /?  or  6-direction  than  in  the 

or    a-direction.       Sometimes 


OL 


Gothic  letters  are  used  instead 
of  a,  Pj  and  y. 


9 


FiQ.  369. — ^Axial  colors  of  glaucophane. 


14.  DISPERSION 

By  dispersion  is  meant  the 
divergence  in  value  or  in  position 
of  the  optical  constants  for 
different  colors  of  the  spectrum. 

For  isometric  crystals  we  have 
simply  dispersion  for  the  indices 
of  refraction.  The  index  of  re- 
fraction for  the  violet  end  of  the 

spectrum  is  greater  than  that  for  the  red  end  of  the  spectrum  as 
indicated  in  Fig.  312,  page  116.  For  diamond  the  dispersion  is 
very  large  n-o  —  nr=  0.063,  hence  the  "fire''  of  the  diamond.  For 
fluorite  the  dispersion  is  very  small  n„  —  nr  =  0.006  hence  fluorite 
is  sometimes  employed  in  making  achromatic  microscope  lenses. 

For  uniaxial  crystals  we  have  different  values  of  the  indices  of 
refraction  n^  and  n^  for  different  parts  of  the  spectrum.  For  some 
crystals  one  part  of  the  spectrum  will  give  a  positive  interference- 
figure  and  another  part  a  negative  figure,  while  for  an  inter- 
mediate color  of  the  spectrum  the  mineral  will  be  isotropic. 

In  biaxial  crystals  there  is  more  variety  in  the  dispersion,  not 
only  varying  values  for  n^,  n^,  and  n^,  but  also  variation  in  the 
position  of  the  optic  axes  and  axial  plane  and  in  the  size  of  the 
axial  angle. 

In  the  orthorhombic  system  there  can  be  no  dispersion  of  the 
axial  plane  or  of  the  bisectrices,  as  a,  /?,  and  y  always  coincide  with 
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the  crystallographic  axes.  The  color  distribution  is  then  sym- 
metrical with  respect  to  the  axial  plane  and  also  a  line  normal  to 
it.  This  is  shown  diagrammatic  ally  in  Fig.  370,  the  dotted 
circles  and  hyperbolae  representing  the  blue  part  of  the  spectrum, 
say,  while  the  full  circles  and  hyperbolae  represent  the  red  part 
of  the  spectrum.     This  is  known  as  symmetrical  dispersion. 

In  the  monoclinic  system  the  only  fixed  relation  is  that  the  b- 
axis  is  always  either  a,  /?,  or  -jr.  Hence  the  axial  plane  is  either 
parallel  or  perpendicular  to  the  (010)  face.  If  the  axial  plane  is 
perpendicular  to  (010),  the  position  of  the  axial  plane  will  vary  for 
the  different  colors.     If  the  &-axis  is  the  acute  bisectrix  we  have 
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the  color  of  the  interference  figure  symmetrical  to  the  center  of 
the  figure  as  in  Fig.  371.  This  is  called  crossed  dispersion. 
If  the  &-axis  is  the  obtuse  bisectrix,  then  the  color  distribution  of 
the  interference  figure  of  a  section  perpendicular  to  the  acute 
bisectrix  will  be  symmetrical  to  a  line  perpendicular  to  the  axial 
plane  as  shown  in  Fig.  372.  This  is  called  horizontal  dispersion. 
There  is  a  third  case  in  which  the  axial  plane  is  parallel  to  the  OlO 
face  and  the  6-axis  coincides  with  ^.  A  section  normal  to  the 
acute  bisectrix  will  give  an  interference  figure  with  color  sym- 
metrical to  the  trace  of  the  axial  plane  as  in  Fig.  373.  This  is 
called  inclined  dispersion. 

In  the  triclinic  system  there  is  both  dispersion  of  the  axial 
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plane,  optic  axes,  and  axial  angles  and  no  necessary  connection  ■ 

between  a,  6,  c  and  a,  ^9,  y.     The  interference  figure  has  no  color  j 

symmetry  and  for  this  reason  it  is  called  as3mimetric  dispersion  f 

(Fig.  374).  I 

To  make  these  observations  it  is  necessary  to  use  rather  thick  f 

sections  in  a  polariscope.     Although  these  various  kinds  of  dis-  I 

persions  are  theoretically  possible  in  the  orthorhombic,  mono-  I 

clinic,  and  triclinic  systems,  they  are  not  marked  enough  in  most  I 

crystals  to  be  observed.     For  good,  though  perhaps  exaggerated,  I 

illustrations  of  these  various  kinds  of  dispersion  see  plate  II  in  | 

Tschermak's  Lehrbuch  der  Mineralogiey  6th  edition  (1905). »  I 

16.  ROTARY  POLARIZATION  I 

If  a  thick  (1  mm.  or  more)  basal  section  of  a  quartz-  crystal  is  f 

examined  in  monochromatic  light  with  crossed  nicols  it  is  found 
that,  instead  of  being  dark  as  most  uniaxial  crystals  are.  Some 
light  will  be  transmitted,  but  on  rotating  one  nicol  through  a  i 

certain  angle,  depending  upon  the  thickness  and  the  kind  of  I 

light,  the  field  will  become  dark.  Thus  quartz  has  the  curious 
property  of  rotating  the  plane  of  polarization.  For  a  section  of 
quartz  1  mm.  thick,  using  red  light  the  angle  of  rotation  is  13°.  k 

For  cinnabar,  the  only  other  mineral  known  to  possess  this  prop-  i 

erty,  the  angle  of  rotation  is  325°  under  similar  conditions.     As  > 

the  angle  of  rotation  depends  upon  the  wave  length  of  light  used,  "^ , 

« 

in  white  light  the  section  is  never  dark,  but  on  rotation  succes-  | 

sive  colors  appear.  In  convergent  light  the  interference  figure 
is  like  the  normal  uniaxial  figure  except  there  is  a  light  circular 
area  at  the  center.  • 

A  substance  that  rotates  the  plane  of  polarization  is  said  to  be 
optically  active.  Besides  the  minerals  quartz  and  cinnabar,  this 
property  is  possessed  by  many  artificially  prepared  crystals  such 
as  sodium  chlorate,  sodium  periodate,  strychnine  sulfate,  etc.,  and 
also  by  solutions  of  cane-sugar,  tartaric  acid,  and  many  other  l 

organic  compounds  with  asymmetric  carbon  atoms.     In  solutions 


I 


I 


r 
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the  angle  of  rotation  depends  upon  the  amount  of  substance  in 
solution.  Sugar  analysis  is  based  upon  this  fact.  The  sugar 
solution,  the  strength  of  which  is  to  be  determined,  is  placed  in  a 
tube  between  the  crossed  nicols  of  an  instrument  called  the 
polarimeter,  the  nicols  being  horizontal  and  one  of  them  capable 
of  being  rotated.  The  amount  of  rotation  necessary  to  produce 
darkness  determines  the  strength  of  the  solution. 

Both  in  crystals  and  in  solutions  the  rotation  may  be  right- 
handed  (clock-wise)  or  left-handed  (counter-clock- wise) .    There 


Fig.  375.  Fig.  376. 

Enantiomorphous  quartz  crystals. 

seems  to  be  a  curious  connection  between  the  crystal  form  and  the 
optical  activity.  Quartz  crystallizes  in  the  trigonal-trapezohedral 
class  of  the  hexagonal  system.  Occasional  crystals  are  found 
with  small  faces  of  the  trigonal  trapezohedron  a;  {5161}  to  the 
right  and  above  m{1010}.  These  crystals  are  called  right- 
handed  and  one  is  illustrated  by  Fig.  376.  Other  crystals  have 
faces  of  the  complementary  form,  a:i{6151},  a  face  to  the  left  and 
above  m{1010}.     These,  in  contrast,  are  known  as  left-handed 
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(see  Fig.  375).  The  two  crystals  figured  are  exactly  alike  in 
shape,  yet  one  cannot  be  derived  from  the  other  by  any  possible 
rotation.  They  bear  the  same  relation  to  each  other  that  the 
right  and  left  hands  do,  one  being  the  mirror-image  of  the  other. 
Such  crystals  are  said  to  be  enantiomorphous.^  Basal  sections 
cut  from  a  right-handed  quartz  crystal  rotate  the  plane  of  polari- 
zation to  the  right  and  similar  sections  from  a  left-handed  crystal 
rotate  the  plane  of  polarization  to  the  left. 
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Fig.  377. 

FiQ.  378. 

Enantiomorphous  tartaric  acid  crystals. 

The  two  modifications  of  tartaric  acid,  C^HgOg,  (dextro-  and 
Isevo-)  each  crystallize  in  the  monoclinic  sphenoidal  class  in 
exactly  similar  but  enantiomorphous  forms.  While  cZ-fartaric 
aci^l  possesses  the  sphenoid  {011}  at  the  positive  end  of  the 
6-axis  (Fig.  377),7-tartaric  acid  possesses  a  corresponding  sphe- 
noid {011}  at  the  negative  end  of  the  6-axis  (Fig.  378).  Now 
solutions  of  d-tartaric  acid  rotate  the  plane  of  polarization 
to  the  right  and  solutions  of  Z-tartaric  acid  to  the  left.  This 
important  relation  was  discovered  by  Pasteur.  The  difference 
between  these  two  compounds  is  believed  to  be  due  to  the  space 
arrangement  of  the  atoms,  assuming  an  asymmetric  carbon  atom. 
From  such  considerations  is  built  up  the  science  of  stereo- 
chemistry. 

1  In  Figs.  376  and  376,  also  377  and  378,  the  left-handed  crystals  are  drawn  as  if  the 
axes  had  been  rotated  to  the  right  instead  of  to  the  left,  as  ordinarily.  This  brings  out 
the  enantiomorphous  relation  better.  The  left-handed  crystal  may  be  drawn  by  tracing 
the  drawing  of  the  right-handed  crystal  through  the  back  of  the  drawing,  thus  reversing  it. 
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Racemic  acid  is  identical  in  composition  and  chemical  proper- 
ties with  the  other  two  forma  of  tartaric  acid,  but  in  solution  is 
optically  inactive.  From  a  solution  of  racemic  acid,  equal 
quantities  of  rf-tartaric  and  Z-tartaric  acid  crystallize  out.  There 
are  a  number  of  such  racemic  compounds,  as  they  are  called.  All 
of  these  facts  in  regard  to  optical  activity  have  an  important 
bearing  upon  the  theory  of  crystal  structure. 

16.  OPTICAL  ANOMALIES 

Among  the  optical  properties  of  crystals  there  are  many 
anomalies.  Certain  isometric  crystals  are  doubly  refracting  and 
some  uniaxial  crystals  give  &  biaxial  interference  figure  with  a 
small  axial  angle.  There  are  also  anomalies  in  extinction,  in 
interference  colors,  and  in  interference  figures. 

Among  isometric  minerals  only  a  comparatively  few,  such  aa 
spinel  and  cuprite,  are  always  normal.  Sections  of  many  iso- 
metric crystals  show  double  refraction 
either  in  the  section  as  a  whole  or  in  cer- 
tain parts.  Fig.  379  represents  an  octa- 
hedral section  of  garnet,  a  mineral  which 
often  exhibits  optical  anomalies  in  thick 
sections.  This  section  in  polarized  light  I 
consists  of  a  triangular  isotropic  area 
379  _r  bounded  by  three  doubly  refractive   sec- 

tors, each  of  which  extinguishes  parallel  to 
and  normal  to  the  triangular  outline. 

Sections  of  leucite,  an  isometric  rock-forming  mineral  common 
in  the  lavas  of  central  Italy,  often  show  very  weak  double  refrac- 
tion and  fine  polysynthetic  twinning  lamellse. 

Little  spherical  portions  of  the  hyalite  variety  of  opal,  one  of 
the  very  few  amorphous  minerals,  often  show  a  dark  cross  be- 
tween crossed  nicols  which  is  due  to  the  extinction  of  a  doubly 
refracting  substance. 

Basal  sections  of  some  crystals  of  apatite,  beryl,  and  vesuvia- 
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nite,  all  uniaxial  minerals,  exhibit  in  convergent  polarized  light 
biaxial  interference  figures  with  small  axial  angles. 

Most  of  these  anomalies  are  due  to  molecular  strain  developed 
by  sudden  cooling,  rapid  growth,  pressure  of  surrounding  rocks, 
etc.  There  are  experimental  proofs  for  all  these  cases.  Thus, 
double  refraction  can  be  produced  in  glass,  an  amorphous  sub- 
stance, by  subjecting  it  to  pressure  in  a  vise. 

In  the  case  of  leucite  the  anomaly  may  be  explained  by  dimor- 
phism. On  heating  a  leucite  crystal  to  about  433°  C.  it  becomes 
isotropic.  Hence  the  compound,  KAl(Si03)2,  is  dimorphous. 
Above  433°  C.  it  is  isometric,  while  below  that  temperature  it  is 
biaxial  with  weak  double  refraction.  On  crystallizing  from 
fusion  in  an  igneous  rock  it  assumed  an  isometric  form,  the  trape- 
zohedron,  which  it  retained  on  cooling  to  the  ordinary  tempera- 
ture, while  it  changed  from  an  isotropic  substance  to  an  aniso- 
tropic substance. 

The  Berlin  blue  interference  color  is  the  best  example  of  an  it 

anomalous  interference  color.  This  is  a  deep  blue  of  the  first 
order  which  cannot  be  found  on  the  color  chart,  for  it  is 
between  the  black  and  the  white  of  the  first  order.  It  is 
characteristic   of  chlorite   and   zoisite  and  is  due  to  the  fact  I 

that  the  axial  angle  for  these  minerals  varies  considerably 
for  different  colors  of  the  spectrum.  As  the  axial  angle  for 
yellow  light  is  nearly  0°,  the  resultant  color,  leaving  out  the 
yellow,  is  blue.  \v 

In  some  uniaxial  minerals,  such  as  vesuvianite,  the  crystal  may 
be  optically  positive  for  a  certain  color  and  optically  negative  for 
another  color,  while  for  some  intermediate  color  it  is  isotropic  and 
hence  the  interference  color  in  white  light  is  the  result  of  all  the 
colors  of  the  spectrum  except  that  color. 

Crystals  with  strong  dispersion  of  the  optic  axes  such  as  titanite 
(2Er  =  54°;  2E,,  =  33°)  will  not  give  complete  extinction  in  white  I 

light.  The  interference  figure  will  be  abnormal  in  that  the 
hyperbolae  are  colored  instead  of  black. 
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17.  OPTICAL  ORIENTATION 


001 
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By  this  term  is  meant  the  position  of  a,  fi,  y,  the  acute  bisec- 
trix, and  the  axial  plane  of  the  optical  indicatrix  with  reference  to 
the  crystallographic  axes. 

In  uniaxial  crystals  there  are  but  two  possible  orientations: 
(1)  c  coincides  with  y  (positive  crystals),  (2)  c  coincides  with  a 
(negative  crystals).  The  tests  for  optical  character  have  been 
mentioned  in  Section  11. 

In  orthorhombic  crystals  the  three  directions  a,  /?,  and  y  must 
coincide  with  the  crystallographic  axes  as  there  is  parallel  extinc- 
tion on  (100),  (010),  and  (001).     The  axial  plane  is  always  a  plane 

of  symmetry.     There  are  the  following  six 
possibilities  in  the  orientation   ocPy,   ay^! 
Pay,  Pya,  ya^,  y^a,  the  order  being  a,  6,  c 
in  each  case.     There  are  two  ways  of  de- 
termining the  orientation,  one  by  testing 
for  the  faster  and  slower  rays  in  various] 
f    sections,  the  other  by  obtaining  the  inter- 
ference figure.     The  first  case  is  illustrated 
by  Fig.  380  (a,  6,  c) ,  which  represents  sec- 
tions parallel  to  (100),   (010)   and    (001). 
The  faster  and  slower  ray  is  determined 
for  each  of  the  section  and  marked  by  the 
letters  /  and  s.     As  the  c-axis  is  the  slower 
in  two  sections  it  must  be  y.      The  (001) 
section  containing  a  and  b  must  contain  a  and  p.      Of  these 
a  is  the  slower,  hence  it  is  p.     So  we  have  the  orientation  a  =  ^. 
b  =  a,  c  =  y  OT  fiay. 

Fig.  381  represents  a  basal  section  of  topaz  (topaa  has  a  good 
cleavage  parallel  to  (001),  so  chips  are  easily  prepared)  bounded 
by  faces  of  (110)  and  (120).  The  interference  figure  lies  across 
the  short  diagonal  or  in  the  direction  of  the  a-axis  as  represented 
conventionally  in  the  figure.  Now  the  plane  of  the  optic  axes 
contains  a  and  y,  so  that  in  this  case  b  =  p.     By  determining  the 


/ 


100 

(a) 


010 


FiQ.  380. 
Optical  orientation. 
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faster  and  slower  ray  in  this  section  we  find  that-  the  short  diag- 
onal is  the  faster  ray.  We  know  that  a,  and  not  ;-,  is  faster  than 
/?,  so  that  we  have  a  =  a,h  =  Pj  €  =  }-.  Or  if  the  optical  character 
be  determined  it  is  found  to  be  positive  so  that  y,  the  acute 
bisectrix,  coincides  with  c. 

Another  example  is  Fig.  382,  representing  a  basal  cleavage  of 
muscovite.  The  interference  figure  lies  along  the  5-axis  so  that 
the  a-axis  is  /?.  The  5-axis  is  then  either  a  or  y.  By  testing  it  is 
found  to  be  the  slower  ray.  So  we  have  the  orientation  a  =  /?, 
b  =  }',  c  =  a.     The  optical  chai'acter  is  negative  so  that  c,  the 


y 


Fig.  381.— Topaz. 


Fig.  382. — Muscovite. 


acute  bisectrix,  is  a.  In  reality  muscovite  is  monoclinic  and  a 
makes  a  small  angle  (P  30')  with  the  c-axis,  but  this  may  be 
disregarded. 

In  monoclinic  crystals  the  crystallographic  axis  b  always  coin- 
cides with  either  a,  ^,  or  p  The  other  two  are  in  the  plane  of 
the  a  and  c  axes,  but  make  variable  angles  with  these  axes. 
These  angles  are  the  extinction  angles  on  (010),  the  extinction  on 
(lOO)  and  (001)  being  either  parallel  or  symmetrical.  The 
axial  plane  in  the  monoclinic  system  is  either  parallel  to,  or  normal 
to  (010),  the  plane  of  symmetry. 

In  triclinic  crystals  none  of  the  indicatrix  axes  coincide  with 
the  crystallographic  axes  and  consequently  the  extinction  on  all 
Faces  is  oblique.  It  is  difficult  to  determine  the  optical  orienta- 
tion of  a  triclinic  crystal. 
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18.  THE  OPTICAL  CONSTANTS  AND  THEIR 

DETERMINATION 

The  optical  constants  differ  for  the  various  crystal  systems. 
The  only  optical  constant  for  isometric  crystals  is  the  index  of 
refraction,  which  varies  with  the  kind  of  light  used.  Thus  for 
diamond  nLi  =  2.408;  71^^  =  2-417;  nTj  =  2.425,  the  subscripts 
referring  to  the  fact  that  lithium,  sodium,  and  thallium  salts  were 
used  for  producing  monochromatic  light. 

In  uniaxial  crystals  there  is  the  optical  character  (positive  or 
negative),  two  indices  of  refraction  n^  and  n^  for  various  kinds 
of  monochromatic  light,  the  double  refraction,  n-n^,  and  if  the 
crystal  is  colored  the  axial  colors  for  a  and  y,  and  the  absorption 
a>y  or  y> a.  It  is  to  be  noted  that  the  optical  constants  for 
tetragonal  and  hexagonal  crystals  are  exactly  the  same.  Crystals 
of  these  two  systems  can  only  be  distinguished  by  outline,  by 
cleavage,  or  by  etching-tests. 

For  orthorhombic  crystals  we  have  the  orientation,  the  optical 
character  (positive  or  negative),  three  indices  of  refraction,  n„, 
n^,  and  n^,  the  double  refraction  n-n^,  and  the  axial  angle  2y,  all 
of  these  for  various  kinds  of  monochromatic  light.  We  also  have,  if 
the  mineral  is  colored,  the  axial  colors  for  a,  j9,.and  y  and  the  ab- 
sorption scheme  oc^P^j; 

For  monoclinic  crystals  we  have  all  the  optical  constants  for 
the  orthorhombic  system  in  addition  to  the  extinction  angles 
^Ac,  /?  Ac,  or  a  Ac,  and  the  position  of  the  axial  plane. 

For  triclinic  crystals  we  have,  in  addition  to  the  constants  for 
the  orthorhombic  system,  the  position  of  the  principal  optical 
sections,  which  planes  contain  a  and  p,  p  and  y,  and  a  and  y. 

It  will  be  seen  that  the  principal  quantitative  optical  determi 
nations  are  index  of  refraction  and  axial  angle.     Accurate  deter 
minations  of  these  as  well  as  of  extinction  angles  must  be  made 
in  monochromatic  light. 

One  method  for  determining  the  index  of  refraction  is  called  the 
prism  method.  The  crystal  cut  in  the  form  of  a  prism  of  about 
60°  is  mounted  on  a  reflection  goniometer  or  spectrometer.   Light 


THE  OPTICAL  PROPERTIES  OF  MINERALS 


159 


from  the  collimator  is  refracted  both  on  entering  and  emerging 
from  the  prism  as  shown  in  Fig.  384.  The  angle  of  deviation, 
dy  is  a  minimum  for  a  particular  position  of  the  prism  which  is 

found  by  trial.     Then  n  =  — V^-. — —  where  d   is   the  angle  of 
■^  sm  ip  ^ 

deviation  and  p,  the  internal  angle  of  the  prism. 

In  isometric  crystals  a  prism  cut  in  any  direction  gives  but  one 
value  of  the  index  of  refraction,  while  in  uniaxial  crystals  a  prism 
with  refracting  edge  parallel  to  the  c-axis  gives  two  values  n^  and 
rij..  In  biaxial  crystals  it  is  necessary  to  have  two  prisms  to  ob- 
tain the  three  values  n^,  n^,  and  n^. 

Another  method  for  determining  the  index  of  refraction  de- 
pends upon  total  reflection  and  may  be  illustrated  by  the  dia- 


FiG.  383. — The  Smith  refractometer. 

grammatic  cross-section  of  the  Smith  refractometer  of  Fig.  383. 
It  consists  of  a  metal  frame  holding  a  hemisphere,  hy  of  highly 
refracting  glass  (n=  1.79),  a  totally-reflecting  prism,  P,  and  lenses 
at  l^,  P,  and  l^.  The  substance,  the  index  of  refraction  of  which  is 
sought,  is  placed  over  the  glass-hemisphere  at  c  and  in  close 
contact  with  it  by  means  of  a  drop  of  a-monobromnaphthalene  or 
rnethylene  iodid.  As  the  glass  hemisphere  has  a  greater  index  of 
refraction  than  the  substance  (this  is  a  necessary  condition) ,  rays 
of  light  entering  at  l^  are  in  part  totally  reflected  back  into  the 
hemisphere,  the  rays  represented  by  the  dotted  lines  entering  the 
substance.  The  totally  reflected  rays  fall  on  a  scale  S,  engraved 
on  glass  and  are  reflected  by  the  prism  P  into  the  eye-piece  at  P, 
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The  field  of  vision  appears  as  in  the  circle  above  the  eye-piece, 
one-half  being  light  and  the  other  half  dark.  After  the  instru- 
ment has  been  calibrated  the  index  of  refraction  may  be  read 
off  directly  on  the  scale.  The  reading  in  the  figure  indicates  a 
doubly  refracting  substance  with  indices  of  refraction  of  1.583 
and  1.607.  Accurate  observations  should  be  made  in  mono- 
chromatic light,  but  examination  in  white  light  will  indicate  the 
amount  of  dispersion.  d_ 


Fig.  384.  Fig.  385. 

The  axial  angle  of  a  biaxial  crystal  may  be  measured  by  means 
of  an  axial  angle  apparatus  which  is  practically  a  reflection  gonio- 
meter plus  Nicol  prisms.  If  a  suitable  crystal  is  mounted,  so 
that  it  can  be  rotated  around  its  P  direction  as  an  axis,  between 
horizontal  crossed  nicols,  so  arranged  that  the  interference  figure 
shows  an  hyperbola,  the  apparent  axial  angle  can  be  determined 
by  reading  the  circle  when  the  vertices  of  the  hyperbola  are 
tangent  to  the  cross-wires.  Fig.  385  represents  a  section  of  a 
biaxial  parallel  to  the  axial  plane.  It  will  be  seen  that  the 
angle  measured  is  not  2V,  but  another  angle  which  is  called 
2E  and  related  to  it  by  the  following  equation,  sin  E  =  ^  sin  V,  ^ 
being  the  index  of  refraction  in  the  direction  of  the  optic  axis. 
The  value  2E  is  very  often  recorded  as  it  is  obtained  directly. 

Another  less  accurate  method  of  measuring  the  axial  angle  is 
based  upon  the  fact  that  the  distance  apart  of  the  vertices  (d  in 
Fig.  385) .  of  the  hyperbola  of  an  interference  figure  is  propor- 
tional to  the  value  of  2E.  This  determination  may  be  made  by 
using  a  micrometer  eye-piece.  The  distance  apart  of  the  branches 
of  the  hyperbola  of  a  substance  with  previously  determined  value 
of   2E  is  measured.     This  determines  the  constant  C   in  the 
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equation  sin  E  =  d-r-C.  So  for  other  crystals  using  the  same 
microscope  and  combination  of  lenses  the  value  E  may  be  calcu- 
lated from  the  measurement  of  d  and  substitution  of  C. 


Synopsis  of  the  Optical  Properties  and  Constants  for  the  Crystal  Systems 
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PART  IV 

THE  CHEMICAL  PROPERTIES  OF  MINERALS 


1.  INTRODUCTORY 

As  minerals  are  natural  substances  of  definite  chemical  compo- 
sition it  is  necessary  for  the  student  to  have  a  knowledge  of 
chemistry  before  he  can  intelligently  study  mineralogy,  much  less 
determine  minerals.  The  commonly  accepted  classification  of 
minerals  is  primarily  a  chemical  one  and  while  a  few  simple 
physical  tests  often  serve  to  identify  a  mineral,  a  more  or  less 
complete  chemical  analysis  is  frequently  necessary. 

On  the  other  hand,  the  student  may  derive  much  chemical 
knowledge  from  a  study  of  minerals.  The  compounds  of  such 
elements  as  titanium,  molybdenum,  tungsten,  and  vanadium  are 
perhaps  best  studied  in  minerals. 

With  the  exception  of  some  inert  gases  of  the  atmosphere 
(argon,  krypton,  neon,  and  xenon)  all  of  the  eighty-two  known 
elements  occur  in  minerals.  Some  are  exceedingly  rare  and  con- 
fined to  one  or  two  minerals,  while  others  are  very  common  and 
widely  distributed  in  minerals.  The  following  table  of  the  ele- 
ments with  their  symbols  and  atomic  weights  shows  to  some  ex- 
tent their  occurrence  in  minerals. 
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Table  of  Elements  with  their  Atomic  Weights 
(International  Committee,  1912) 


Element 


Symbol 


Atomic 
weight 


Occurrence 


Aluminum . . 
Antimony . . . 

Argon 

Arsenic 

Barium 

Beryllium . . . 

Bismuth 

Boron 

Bromin 

Cadmium . . . 

Caesium 

Calcium 

Carbon 

Cerium 

Chlorin 

Chromium . . , 

Cobalt 

Copper 

Dysprosium . 

Erbium 

Europium. . . 

Fluorin 

Gadolinium  . 

Gallium 

Germanium . 

Gold 

Helium 

Hydrogen . . . 

Indium 

lodin 

Iridium 

Iron 

Krypton 

Lanthanum . . 

Lead 

Lithium 

Lutecium 

Magnesium . . 
Manganese . . . 

Mercury 

Molybdenum , 
Neodymium . 


Al 

27.1 

Sb 

120.2 

A 

39.9 

As 

74.9 

Ba 

137.4 

Be 

9.1 

Bi 

208.0 

B 

11.0 

Br 

79.9 

Cd 

112.4 

Cs 

132.8 

Ca 

40.1 

C 

12.0 

Ce 

140.2 

CI 

35.5 

Cr 

52.0 

Co 

69.0 

Cu 

63.6 

Dy 

162.5 

Er 

167.7 

Eu 

152.0 

F 

19.0 

Gd 

157.3 

Ga 

69.9 

Ge 

72.5 

Au 

197.2 

He 

4.0 

H 

1.0 

In 

114.8 

I 

126.9 

Ir 

193.1 

Fe 

55.8 

Kr 

82.9 

La 

139.0 

Pb 

207.1 

Li 

6.9 

Lu 

174.0 

Mg 

24.3 

Mn 

54.9 

Hg 

200.6 

Mo 

96.0 

Nd 

>    144.3 

Corundum,  AlsGs 
Stibnite.  SbsOs 
In  the  atmosphere 
Arsenopyrite,  FeAaS 
Barite.  BaSOi 
Beryl,  Be»Al»(SiO«)« 
Bismuthinite,  BisSs 
Colemanite,  Ca2BcOii.5H20 
Bromyrite,  AgBr 
Greenockite,  CdS 
PoUucite,  H2CszAlx(SiOs)6 
Calcite,  CaCOa 
Graphite,  C 
Monazite,  (CeLa)P04 
HaUte,  NaCl 
Chromite,  FeCrj04 
Smaltite,  (Co,Ni)As» 
Chalcopyrite,  CuFeS2 
With  the  rare  earths 
Sipylite,  ErNb04 
With  the  rare  earths 
Fluorite,  CaF* 
In  gadolinite 
In  sphalerite 
Argyrodite,  AgsGeSe 
Gold  Au 
In  uraninite 
Water,  H«0 
In  sphalerite 
lodyrite,  Agl 
Iridosmine,  (Ir,Os) 
Hematite,  FetOs 
In  the  atmosphere 
Lanthanite,  Lax(COs)2.9HsO 
Galena,  PbS 

Lepidolite,  K,Li,Al  silicate 
With  the  rare  earths 
Magnesite,  MgCOs 
Pyrolusite,  MnO« 
Cinnabar,  HgS 
Molybdenite,  MoSx 
In  monazite 
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Table  of  Elements  with  their  Atomic  Weights — Continued 


Element 


Symbol 


Atomic 
weight 


Occurrence 


Neon 

Nickel 

Niobium 

Niton 

Nitrogen 

Osmium 

Oxygen 

Palladium .... 

Phosphorus. . . 

Platinum 

Potassium .... 

Praseodymium 

Radium 

Rhodium 

Rubidium .... 

Ruthenium.. . 

Samarium .... 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulfur ^ 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium 

Xenon 

Ytterbiiun 

Yttrium 

iiinc 

25irconium. . .  . 


Ne 

Ni 

Nb 

Nt 

N 

Os 

O 

Pd 

P 

Pt 

K 

Pr 

R 

Rh 

Rb 

Ru 

Sa 

Sc 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tb 

Tl 

Th 

Tm 

Sn 

Tl 

W 

U 

V 

Xe 

Yb 

Y 

Zn 

Zr 


20.2 

68.7 

93.5 

222.4 

14.0 

190.9 

16.0 

106.7 

31.0 

195.2 

39.1 

140.6 

226.4 

102.9 

86.4 

101.7 

150.4 

44.1 

79.2 

28.3 

107.9 

23.0 

87.6 

32.1 

181.5 

127.6 

159.2 

204.0 

232.4 

168.5 

119.0 

48.1 

184.0 

238.5 

61.0 

130.2 

172.0 

89.0 

66.4 

90.6 


In  the  atmosphere 

Millerite.  NiS 

Columbite,  (FeMnXNbOs)^ 

Radium  emanation 

Soda  Niter,  NaNOs 

Iridosmine,  (Ir.Os) 

Water,  H»0 

Palladium,  Pd 

Apatite,  CasFCPOOa 

Platinum,  Pt 

Sylvite,  KCl 

In  monazite 

In  uraninite 

In  platinum 

In  rhodizite 

Laurite,  RuSs 

In  samarskite 

In  euxenite 

Clausthalite,  PbSe 

Quartz,  SiO« 

Argentite,  AgtS 

Halite,  NaCl 

Celestite,  SrSOi 

Sulfur,  S 

Tantalite,  Fe(Ta03)2 

Calverite,  AuTea 

In  gadoUnite 

Lorandite,  TlAsSs 

Thorite,  ThSi04 

In  gadolinite 

Cassiterite,  SnO* 

Rutile,  TiO» 

Wolframite,  (Fe,Mn)W04 

Uraninite,  UjOs 

Vanadinite,  PbsCKVOOi 

In  the  atmosphere 

In  gadolinite 

Xenotime,  YPO4 

Sphalerite,  ZnS 

Zircon,  ZrSi04 


1 


■ 


it 
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Of  the  eighty-two  elements  enumerated  only  about  eighteen 
occur  as  minerals.  They  are  carbon,  sulfur,  selenium,  tellurium, 
arsenic,  antimony,  bismuth,  mercury,  copper,  silver,  gold,  lead, 
iron,  platinum,  palladium,  iridium,  osmium,  tantalum,  and  tin. 
This  leaves  out  of  consideration  the  free  gases  of  the  atmosphere. 
From  a  chemical  standpoint  the  elements  may  be  divided  into 
two  classes,  the  metals  and  the  non-metals.  The  metals  include 
such  elements  as  copper,  silver,  gold,  lead,  iron,  and  platinum. 
Some  of  these  occur  as  alloys,  such  as  electrum  (Au,Ag), 
amalgam  (Ag,Hg),  nickel-iron  (Fe,Ni),  and  iridosmine  (Ir,Os). 
The  non-metals  include  such  elements  as  oxygen,  hydrogen, 
nitrogen,  phosphorus,  and  sulfur.  Arsenic,  antimony,  and 
1  bismuth  are  intermediate  in  their  properties   between   metals 

*  and    non-metals    and    are    sometimes    called   semi-metals   or 

metalloids. 

«  2.  CHEMICAL  TYPES 


Most  minerals  are,  of  course,  chemical  compounds,  or  combi- 
nations of  two  or  more  elements.  These  compounds  are  the 
chemical  types  recognized  by  chemists,  namely,  oxids,  acids, 
bases,  and  salts  with  their  various  subdivisions. 

Acids  are  compounds,  the  dilute  water  solutions  of  which 
contain  hydrogen  ions.  According  to  the  theory  of  ions  it  is  the 
hydrogen  ions  that  give  the  acid  properties  such  as  sour  taste 
and  the  change  of  blue  litmus  to  red.  The  strength  of  the  acid 
depends  upon  the  proportion  of  hydrogen,  ions  present  or  upon 
the  degree  of  dissociation.  Hydrochloric  and  sulfuric  acids 
are  strong  acids,  while  carbonic  and  silicic  acids  are  weak  acids. 
Acids  are  compounds  of  hydrogen  with  the  halogens  (CI,  Br,  I,  or 
F),  with  sulfur,  or  with  certain  radicals,  such  as  CO3,  SO4,  PO4, 
AsO^,  AsSg,  AsS^,  SbSg,  SbS^.  These  are  called  acid  radicals. 
The  most  common  acids  are  those  containing  oxygen  and  are 
known  as  oxygen  acids  or  oxy-acids.  The  oxy-acids  are  mono- 
basic (HNO3),  dibasic  (HjSOJ,  tribasic  (H3PO4)  or  tetrabasic 
(H^SiO  J,  according  as  they  have  one,  two,  three,  or  four  replace- 
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able  H  atoms.  The  polybasic  acids,  as  they  are  called,  are  capable 
of  forming  condensed  acids  by  subtracting  water.  This  is 
especially  prominent  with  the  silicic  acids.  Orthosilicic  acid  is 
H^SiO,;  H,SiO,-H20  =  H2Si03,  metasilicic  acid;  2H4SiO,- 
H20  =  HeSi207,  diorthosilicic  acid;  2H,Si04--3H20  =  H2Si205, 
dimetasilicic  acid.  There  are  also  H^SigOg  (SH^SiO^  — 4H2O)  and 
HgSigOio  (3H,SiO,-2H20). 

The  replacement  in  the  oxy-acids  of  O  by  S  gives  compounds 
called  sulfo-acids.  Thus  HgAsO^  is  arsenic  acid  or  oxy-arsenic 
acid,  while  HgAsS^  is  sulfarsenic  acid.  HgAsOg  is  arsenious  acid, 
while  HgAsSg  is  sulfarsenious  acid.  Various  condensed  acids 
may  be  derived  from  the  above  by  the  subtraction  of  H2S,  en- 
tirely analogous  to  the  condensed  oxy-acids.  Thus  we  have 
HAsS2(H:3AsS3  — H2S),  metasulfarsenious  acid  and  H4AS2S7  (2H3- 
AsS^— H2S),  pyrosulfarsenic  acid.  Very  few  of  these  acids 
exist  either  as  minerals  or  prepared  compounds,  but  salts  of  all 
of  them  are  known  as  minerals.  '  I 

Bases  are  compounds  the  dilute  water  solutions  of  which  con- 
tain hydroxyl  (OH)  ions.  It  is  the  hydroxyl  ions  that  give  the 
basic  properties  such  as  soapy  feel,  and  the  changes  of  red  litmus 
to  blue.  The  strength  of  the  base  is  proportional  to  the  number 
of  hydroxyl  ions  present.  The  strong  bases  such  as  KOH  and 
NaOH  are  called  alkalies.  Weak  bases  are  represented  by 
Fe(0H)3  and  A1(0H)3.     Among  the  bases  represented  by  min-  ^ 

erals  are  Mg(0H)2,  Mn(0H)2,  Al(OH)g,  A102H(A1(0H)3-H20),  i^/ 

re02H(Fe(OH)3-H20),  andFe.OeH,  (4Fe(OH)3-3H20). 

Oxids  are  compounds  of  the  elements  with  oxygen.  Elements, 
the  oxids  of  which  form  bases  with  water,  are  called  metals. 
These  oxids  are  called  basic  anhydrids  for  this  reason.  Elements, 
the  oxids  of  which  form  acids  with  water,  are  called  non-metals. 
These  oxids  are  called  acid  anhydrids. 

Salts  are  compounds  formed  by  the  union  of  bases  with  acids, 
the  metal  of  the  base  uniting  with  the  non-metal  or  acid  radical 
of  the  acid  to  form  the  salt,  while  the  hydroxyl  of  the  base  unites 
with  the  hydrogen  of  the  acid  to  form  water  thus,  NaOH  +  HCl 
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jl  +  H,0.  In  dilute  Bolutions  salts  are  dissociated  iot 
arts  or  ions  as  they  are  called.  The  metal  is  one  ion,  and 
the  cation,  while  the  non-metal  or  acid  radical  is  the  othf 
nd  is  called  the  anion. 

ong  salts  we  may  distinguish  halogen  salts,  oxy-salts,  an 
5alts  corresponding  to  the  acids  of  which  they  are  tl 
itives.  The  following  represent  sal&  found  as  mineral! 
,  PbS;  eelenid,  PbSe;  tellurid,  PbTe;  arsenid,  FeAs 
onid,  AgjSb;  sulfarsenite,  AgjAsS,;  sulfarsenate,  CujAsS 
timonite,  AggSbS^;  sulfantimonate,  CujSbSjj  sulfoferrit 
5j;  Bulfochromite,  FeCrjS,;  sulfovanadate,  CujVS,;  sutf 
mate,  Ag,GeS,;  suIfostannite,PbSnSj;  ehlorid,  AgCi;  bromi 
,;  iodid,  Agl;  fluorid,  CaFj;  fluosilicate,  KjSiF,;  carbonat 
,;  meta-aluminate,  MgAljO,;  metaferrite,  FeFejO,;  met 
lite,  FeCrjO^;  chromate,  PbCrO^;  metaniobate,  Fe{NbOj) 
antalate,  Fe(Ta03)2;  phosphate,  LiFePO^;  arsenate,  FeA 
0;  vanadate,  BiVO^;  antimonate,  CajSbjO,;  nitrat 
),;  borate,  AIBO3;  sulfate,  BaSO,;  chromate,  PbCrC 
te,  CuSeO,'2HjO;  tellurite,  Fe(Te04)g-4HjO;  tungstat 
),;  molybdate,  PbMoOjj  metatitanate,  CaTiO,;  orthosi 
(Mg,Fe)jSiO^;  metasilicate,  CaSiO,;  trisilicate,  KAiSijC 
asilicate,  LiAl(SijOj)j;  diorthosilicate,  PbjSijO,. 
the  above  are  normal  salts,  that  is,  all  the  hydrogen  of  tl 
>r  hydroxyl  of  the  base  has  been  replaced  by  metals  or  1 
radicals  respectively.  A  compound  in  which  only  part 
ydrogcn  of  the  acid  has  been  replaced  by  a  metal  is  call 
id  salt.     Among  minerals  we  have  KHSO,,  and  H^CuSiC 

1  are  called  acid  potassium  sulfate,  and  acid  copper  silica 
;tively.     A  compound  in  which  only  part  of  the  hydrox 

2  base  is  replaced  by  an  acid  radical  is  called  a  basic  sa 
ig  minerals  we  have  Cu,(OH),CO„  Cu<{OH),Cls,  Cu,(OH 

and  many  others.     These  three  minerals  are  called  bat 
!r  carbonate,  ehlorid,  and  arsenate  respectively. 

3  formula;  of  some  minerals  are  written  as  if  they  eonsi 
o  or  more  separate  molecules.     These  are  called  molecul 
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compounds  for  want  of  a  better  name.  Among  molecular  com- 
pounds are  double  salts  and  hydrates  or  hydrous  salts.  Double 
salts  are  (1)  salts  composed  of  two  metals  with  a  common  acid 
radical  (example,  dolomite  CaCOg-MgCOg),  (2)  salts  of  a  single 
metal  with  two  distinct  acid  radicals  (example,  arsenopyrite 
FeSj'FeAsa)  or  (3)  salts  in  which  both  the  metal  and  acid  radical 
are  different  (example,  kainite  MgSO^'KCl-SHjO). 

Acid  and  basic  salts  may  also  be  written  in  the  form  of  double 
salts.  KHSO,  =  KaSO.HjSO,,  Cu2(0H) 2CO3  =  CuC03Cu(0H) 2. 
Another  kind  of  compound  is  SbjSjO,  antimony  oxy-sulfid,  which 
may  be  written  2Sb2S3-Sb203(3Sb2S20).  Similarly  PbaOClj 
(or  PbClj-PbO)  is  lead  oxy-chlorid  and  Pb2Cl2C03  (or  PbClj-Pb- 
CO3)  is  lead  chloro-carbonate. 

Acid  and  basic  salts  when  heated  in  the  closed  tube  at  a  rela- 
tively high  temperature  (usually  above  200°  C.)  give  off  water 
and  this  water  is  called  water  of  constitution. 

In  other  compounds  water  is  more  loosely  held,  and  is  given 
off  on  heating  at  a  temperature  varying  from  about  100°  C.  to 
200°  C.  This  is  the  so-called  water  of  crystallization,  but  as 
Alexander  Smith  has  pointed  out  this  term  is  a  misnomer,  water 
not  being  necessary  for  crystallization.  Many  anhydrous  com- 
pounds and  minerals  occur  in  well  formed  crystals.  Salts  which 
give  off  water  at  low  temperatures  are  called  hydrates  or  hydrous 
salts.  The  formula  is  written  as  if  they  contain  water  as  such. 
Examples,  hydrous  calcium  sulfate,  CaS04*2H20;  hydrous 
sodium  borate,  NajB^O^-  IOH2O.  There  may  be  various  hydrates, 
for  example,  MgS04-H20,  ngSO^-GHjO,  and  MgSO.-THjO. 

The  following  are  examples  of  complicated  salts  which  occur 
as  minerals.  HNag  (CO3)  2'2H20,  hydrous  acid  sodium  carbonate ; 
Fe4(OH)2(S04)5-17H20,  hydrous  basic  ferric  sulfate. 

3.  DERIVATION  OF  CHEMICAL  FORMULAE 

A  mineral  has  a  definite  chemical  composition  and  hence  may 
be  represented  by  a  formula.  The  formula  is  obtained  by 
dividing  the  percentage  composition  of  the  various  elements  or 
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radicals  by  the  corresponding  combining  weights  as  found  in  a 
table  of  atomic  weights  (pages  164-5).  The  ratio  of  these  ex- 
pressed in  the  simplest  whole  numbers  possible  gives  the  empirical 
formula.  Example:  An  analysis  of  chalcopyrite  from  Phoenix- 
ville,  Pennsylvania,  gave  Smith  the  following: 

I  II  III  IV 

Cu  32.85^63.6  =0.516  34.67 

Fe  29.93^-55.8  =0.536  30.54 

S  36.10^32.1  =1.121  34.89 

Pb  0.36 

Dividing  by  the  combining  weights  given  in  the  second  column 
we  have  the  figures  of  the  third  column,  lead  being  omitted. 
These  numbers  are  nearly  in  the  ratio  1:1:2,  hence  the  formula 
CuFeSj.  The  theoretical  percentages  for  chalcopyrite  are  given 
in  the  fourth  column. 

Discrepancies  in  analyses  may  be  explained  in  two  ways.  (1) 
Impurities  may  be  present  and  should  be  eliminated  before 
analysis  if  possible.  If  not,  the  analysis  may  be  recalculated. 
(2)  Similar  metals  or  acid  radicals  may  replace  each  other  in 
various  proportions.  In  this  case  the  molecular  ratios  of  replac- 
ing metals  or  acid  radicals  are  added  together.  An  analysis  of 
brown  sphalerite  from  Roxbury,  Connecticut,  gave  Caldwell  the 
percentage  composition  of  column  I.  Dividing  by  the 

I  II  III  IV 

Zn  63.36-^66.5    =0.967 


} 


Fe  3.60^55.8    =0.064  }  ^'^^^ 

S  33.36-^32.1    =1.039      1.039 

combining  weights  of  column  II  we  have  the  molecular  ratios  of 
III.  The  sum  of  the  molecular  ratios  for  Zn  and  Fe  (1.031)  is  to 
the  molecular  ratio  for  S  (1.039)  practically  as  1:1.  Hence  the 
formula,  (Zn,Fe)S,  which  means  that  iron  replaces  zinc  in  varying 
amounts.  Analyses  of  sphalerite  show  an  iron  content  varying 
from  nil  up  to  18  per  cent. 

Analyses  of  oxids,  haloids,  sulfids,  and  sulfo-salts  are  given  as 
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percentages  of  the  elements.  This  cannot  be  done  with  the  oxy- 
gen salts  as  there  is  no  way  of  determining  oxygen  directly.  So 
that  the  percentage  composition  of  the  oxygen  salts  must  be 
expressed  either  as  oxids  or  as  metals  and  acid  radicals.  At 
present  it  is  customary  to  use  the  oxids.  This  is  in  accordance 
with  the  electro-chemical  theory  of  Berzelius  in  which  dualistic 
formulse  were  used.  Thus  FeS04  was  considered  as  FeO-SOg, 
FeO  being  the  base  or  electropositive  radical  and  SOg,  the  acid  or 
electronegative  radical.  As  these  views  are  considered  anti- 
quated by  modern  chemists,  it  is  preferable  to  employ  the  metals 
and  acid  radicals  in  stating  the  results  of  analysis.  Thus  FeSO^ 
may  be  given  as  Fe"  and  SO4,  indicating  the  valence  of  iron.  The 
present  author  has  given  the  results  of  analyses  of  oxygen  salts 
(except  the  silicates)  in  this  form,  though  he  has  had  to  recalcu- 
late the  analyses.  This  method  is  especially  applicable  if  haloids 
or  sulfids  are  present.  In  the  ordinary  method  there  is  an  excess 
of  oxygen  equivalent  to  the  amount  of  halogen  or  sulfur  present 
which  must  be  deducted.  For  example,  apatite  is  CagFCPOJa. 
The  calculated  percentage  compositions  are:  CaO  =  55.5;  P206  = 
42.3;  F  =  3.8;  Total  =  101.6.  The  excess  over  100  per  cent,  is 
due  to  the  fact  that  only  part  of  the  calcium  is  combined  with  the 
oxygen  as  can  be  seen  by  expressing  the  formula  in  another  way. 
OCaO.BPjOgCaFj.  The  oxygen  equivalent  of  F  is  JO  with  atomic 
weight  of  8.  The  percentage  compositions  given  above  have 
been  figured  on  the  basis  of  formula  weight  of  512.5  (504.5  +  8). 
512.5:504.5: :  101.6: 100.  A  much  better  way  is  to  express  the 
percentage  composition  thus:  Ca=39.7;  F  =  3.8;  P04  =  56.5; 
total  =  100.0. 

But  in  many  silicates  it  is  not  possible  to  determine  the  silicic 
acid  of  which  they  are  salts  and  in  these  cases  nothing  can  be 
done  except  to  use  the  oxids,  antiquated  though  the  method  may 
be.  In  this  book  analyses  of  silicates  are  all  given  in  the  form  of 
oxids.  In  the  case  of  hydrous,  acid,  or  basic  salts  of  any  kind, 
the  water  percentage  is  given  as  the  determination  of  water  is 
often  a  practical  means  of  identifying  a  mineral. 


I 


d 
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Some  facts  regarding  the  relation  between  chemical  composi- 
tion and  crystal  form  are  important  in  the  study  of  minerals, 
for  upon  these  facts  the  commonly  accepted  classification  of 
minerals  largely  rests. 

4.  POLYMORPHISM 

Many  mineral  substances  exist  in  two  or  more  distinct  forms, 
that,  is,  in  crystals  belonging  to  different  crystal  systems  (not 
simply  different  crystal  habits)  and  having  dissimilar  physical 
properties.  Such  compounds  are  called  polymorphs.  A  famil- 
iar example  is  carbon  which  occurs  as  graphite  in  soft,  opaque 
hexagonal  crystals,  and  as  diamond  in  very  hard,  transparent 
isometric  crystals.  Polymorphous  elements  like  carbon  are 
called  allotropic.  Among  polymorphous  minerals  may  be  men- 
tioned the  following: 

•p  a   J  Pyrite — Isometric 

^  \  Marcasite — Orthorhombic 


CaCO 


KAlSijOg 


/  Calcite — Hexagonal 
'  \  Aragonite — Orthorhombic 

Orthoclase — Monoclinic 


Microcline — Triclinic 


The  above  minerals  are  dimorphous.     The  following  minerals 
are  trimorphous : 


TiO, 


Al,SiO. 


Rutile  — Tetragonal      c  =  0.64 

Octahedrite  — Tetragonal      c  =  1.77 
Brookite       — Orthorhombic 

Cyanite         — Triclinic 

Andalusite    —Orthorhombic  a  =  0.986,  c  =  0.702 

Sillimanite    —Orthorhombic  a  =  0.970,  c  =  ? 


The  three  last  mentioned  minerals  have  the  same  empirical 
formula,  but  Groth  has  suggested  that  cyanite  is  (A10)2Si03,  and 
the  other  two,  Al(A10)Si04. 

Numerous  examples  of  polymorphism  occur  in  prepared  com- 
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pounds.  Sulfur  may  be  prepared  in  at  least  four  modifications: 
a-sulfur  is  orthorhombic;  ^-sulfur,  monoclinic;  /'-sulfur,  also 
monoclinic,  but  with  different  axial  ratio  from  ^-sulfur;  ^-sulfur, 
rhombohedral. 

Mercuric  iodid,  Hglj,  exists  in  a  red  tetragonal  modification 
(from  solutions)  and  also  in  a  yellow  orthorhombic  modification 
(from  fusion  or  sublimation) . 

In  many  cases  it  is  the  temperature  which  determines  the 
modification  formed.  Thus  calcite  forms  from  aqueous  solutions 
below  30°  C,  while  aragonite  forms  above  30°  C.  For  example, 
the  crust  formed  in  a  tea-kettle  is  aragonite.  Quartz  (SiOj) 
forms  below  800°  C,  while  tridymite  (a  modification  of  SiOj) 
forms  above  800°  C. 

6.  ISOMORPHISM 

Many  compounds  of  similar  chemical  composition,  especially 
salts  with  the  same  acid  radicals  and  related  metals,  have  almost 
identical  crystal  forms.  Such  compounds  are  said  to  be  isomor- 
phous.  Isomorphous  substances  have  similar  form,  but  except 
in  the  isometric  system  it  does  not  mean  that  the  form  is  identical. 
For  example,  the  angle  (110:  iTO)  for  barite,  BaSO^,  is  78°  22^', 
while  for  celestite,  SrSO^,  it  is  75°  50'  and  for  anglesite,  PbS04,  it 
is  76°  16 J'.  Barite,  celestite,  and  anglesite  form  an  isomorphous 
group.  Among  prominent  isomorphous  groups  of  minerals  are 
the  following: 


Pyrite 
Smaltite 
Cobaltite 
Gersdorfiite 

Marcasite 

Arsenopyrite 

Ldllingite 

Glaucodote 

Safflorite 

Rammelsbergite 

f  Tetrahedrite 
\  Tennantite 


FeSa 

(Co,Ni)As2 
CoAsS     . 

NiAsS 

FeSj, 

FeAsS 

FeAsa 

(Co,Fe)AsS 

CoAsj 

NiAsa 

CUaSbSa 

CujAsS, 
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Ruby  Silvers 


I 


Garnets  < 


r  Proustite 
\  Pyrargyrite 

f  Corundum 
\  Hematite 

f  Cassiterite 
\  Rutile 

Diaspore 
Goethite 
Manganite 

Calcite 

Magnesite 

Ankerite 

Siderite 

Rhochrosite 

Smithsonite 

(Aragonite 
Strontianite 
Witherite 
Cerussite 

Fluor-apatite 

Chlor-apatite 

DahlUte 

Voelckerite 

Svabite 

Pyromorphite 

Mimetite 

Vanadinite 

Barite 

Celestite 

Anglesite 

Ilmenite 
Geikielite 

IPyrophanite 
Senaite 

Grossularite 

Pyrope 

Almandite 

Spessartite 

Andradite 

Uvarovite 


I 


AgaAsSa 
AgaSbSa 

AlaO. 
Fe^Oa 

SnOj 
TiOa 

Al(OH)aAlaO, 

Fe(OH),Fe,0, 
Mn(0H),-Mn20a 

CaCO, 

MgCO, 

Ca(Mg,Fe)CO, 

FeCOa 

MnCOa 

ZnCOa 

CaCO, 
SrCO, 
BaCOa 
PbCOa 

Ca^(POJa 
Ca,a(P0,)3 

Ca,(COa)i(POJa 
Ca50j(PO,)3 

Ca^FCAsOJa 
Pb,Cl(POJ, 

Pb5a(Asoj3 

Pb,Cl(VO,)a 
BaSO, 
SrS04 
PbSO, 

FeTiO, 
MgTiOa 
MnTiOa 
(Fe,Mn,Pb)Ti03 

CaaAla(SiOJa 
MgaAl^CSiO,), 

Fe,Al,(SiO,), 

MnaAU(SiO,)a 
CaaFe,(SiO,), 

Ca,Cra(SiO,), 
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Many  isomorphous  compounds  are  capable  of  crystallizing  out 
together  in  various  proportions  fornaing  what  are  known  as 
isomorphous  mixtures.  There  are  many  such  cases  among  min- 
erals and  this  fact  is  very  useful  in  interpreting  mineral  analyses. 
Ankerite  is  an  isomorphous  mixture  of  CaCOg  with  MgCOg  and 
FeCOg  and  is  represented  by  the  formula  Ca(MgFe)C03,  which 
means  that  the  proportions  of  Ca,  Mg,  and  Fe  vary  in  different 
specimens  and  that  the  molecular  ratios  of  Mg  and  Fe  together 
equal  that  of  Ca.  Among  prominent  isomorphous  mixtures 
are:  Sphalerite  (Zn,Fe)S,  smaltite  ,(Co,Ni)As2,  tetrahedrite 
(Cu,Fe,Zn,Hg,Ag)3(Sb,As)S3,  columbite  (Fe,Mn)  (Nb,Ta)20e, 
campylite  Pb5Cl(As,P)30i2,  endlichite  Pb6Cl(As,V)30i2,  pi- 
sanite  (Fe,Cu)S047H20,  wolframite  (Fe,Mn)WO;,  actinolite 
Ca(Mg,Fe)3(Si03)„  epidote  Ca2(Al,Fe)3(OH)(SiO,)3.  The  gar- 
nets are  isomorphous  mixtures  of  minerals  given  on  page  174. 
It  is  rare  to  find  an  analysis  of  garnet  that  will  correspond  ex- 
actly to  any  one  of  these  formulae. 

The  physical  properties  of  isomorphous  mixtures  vary  con- 
tinuously and  for  this  reason  the  term  solid  solution  is  sometimes 
used.  Some  authors  restrict  the  term  isomorphous  to  compounds 
which  are  capable  of  forming  mixed  crystals.  But  this  hardly 
seems  feasible  with  minerals,  for  most  of  them  are  intractable 
compounds. 

7.  BLOWPIPE  ANALYSIS 

The  advantage  of  blowpipe  analysis  lies  in  the  fact  that  the 
tests  are  simple,  the  apparatus  portable,  and  the  reagents  few 
in  number.  By  means  of  the  blowpipe  an  intense  heat  (about 
1500^  C.)  can  be  obtained  on  a  small  scale,  and  a  variety  of  chem- 
ical effects  can  be  brought  about.  At  the  same  time  it  is  the 
author's  opinion  that  with  a  few  exceptions,  blowpipe  analysis  is 
of  value  only  in  the  determination  of  minerals. 

Blowpipe  analysis  will  be  discussed  under  four  headings:  (8) 
apparatus,  (9)  reagents,  (10)  operations,  and  (11)  select  tests. 
Section  10  may  be  used  in  preliminary  tests  and  also  as  determi- 


176        INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

native  tables,  while  tests  for  the  metals  and  acid  radicals  may  be 
found  in  section  11,  arranged  alphabetically  by  elements. 

8.  APPARATUS  USED  IN  BLOWPIPE  ANALYSIS 

Blowpipe.  The  blowpipe  is  made  in  a  variety  of  forms.  The 
simplest  blowpipe  is  a  brass  tube  about  10  inches  long  bent  at 
one  end.  A  bulb  is  sometimes  added  to  condense  moisture.  A 
more  elaborate  form  is  a  nickel-plated  tube  with  a  moisture 
chamber  at  one  end  and, a  smaller  tube  at  right  angles  which  is 
provided  with  either  a  brass  or  a  platinum  tip.  Where  gas  is 
available,  the  gas  blowpipe  is  undoubtedly  the  most  convenient 
form  on  account  of  the  perfect  control  of  the  flame.  The  gas 
blowpipe  (Fig.  386,  page  181)  is  similar  to  the  nickel-plated 
form  just  described,  but  the  smaller  right-angled  tube  is  a  double 
one,  the  inner  one  for  air,  the  outer  one  for  gas. 

Fuel.  Gas  is  the  most  convenient  and  commonly  used  fuel. 
If  a  Bunsen  burner  is  used,  it  is  well  to  use  a  small  tube  which  fits 
the  top  of  the  Bunsen  burner,  and  is  provided  with  a  flange  in 
which  the  tip  of  the  blowpipe  rests.  The  luminous  flame  of  the 
Bunsen  burner  should  be  used  with  the  blowpipe. 

Where  gas  is  not  available,  alcohol,  lard  oil,  or  olive  oil  may  be 
burned  in  a  lamp  with  a  wick.  Candles  are  even  more  conven- 
ient. For  field  use  a  good  combination  is  alcohol  for  heating 
and  .candles  for  use  with  the  blowpipe. 

Charcoal.  Slabs  of  charcoal  about  4  inches  long,  1  inch  wide, 
and  I  inch  thick  are  used.  They  may  be  purchased  from  dealers 
in  chemical  apparatus. 

Plaster.  A  paste  of  plaster  of  Paris  with  water  is  poured  out 
on  oiled  glass  in  sheets  about  i  inch  thick.  Before  hardening, 
it  is  marked  off  in  rectangles  about  4  inches  long  and  1  inch  wide. 

Platinum  Tipped  Forceps.  These  forceps  are  essential  for 
testing  the  fusibility  of  minerals,  and  are  useful  for  other  pur- 
poses. Arsenic,  antimony,  lead,  and  copper  minerals  should  be 
fused  on  charcoal,  for  these  metals  alloy  with  platinum. 
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Hammer.  A  small  square-faced  hammer  of  about  one-fourth 
pound  weight  is  indispensable. , 

Anvil.  A  small  block  of  steel,  square  or  rectangular  in  cross- 
section,  and  about  i  inch  thick  is  convenient  for  powdering 
minerals. 

Platinum  Wire.  No.  27  platinum  wire  is  the  best  size  for 
general  use.  The  wire  may  be  fused  into  a  piece  of  glass  tubing, 
or  held  in  a  special  holder  made  for  the  purpose. 

Test  Tubes.  The  most  convenient  size  is  4  inches  long  and 
i  inch  in  diameter. 

Glass  Tubing.  Soft  glass  tubing  of  7  mm.  outside  diameter  is 
best  for  most  purposes,  but  it  is  well  to  have  a  variety  of  sizes. 
For  some  tests  hard  glass  tubing  is  preferable. 

Watch  Glasses.  These  are  needed  especially  for  solubility 
tests.     The  best  size  is  2  inches  in  diameter. 

Magnet.  A  magnetized  knife-blade  answers  the  same  purpose 
and  is  more  convenient. 

Lens.  A  Coddington  or  aplanatic  triplet  of  f  inch  focus  is 
recommended.  A  triangular  file,  blue  glass,  funnels,  and  filter- 
paper  are  also  essential. 

The  following  pieces  of  apparatus  are  not  essential,  but  will  be 
found  very  useful. 

Diamond  Mortar.  A  mortar  made  of  a  piece  of  cylindrical 
tool-steel  about  1  inch  long  and  about  1  inch  in  diameter,  with  a 
convenient  size  cylindrical  cavity  and  pestle  to  fit,  is  very  conven- 
ient for  reducing  a  mineral  to  a  coarse  powder. 

Agate  Mortar.  A  small  agate  mortar,  IJ  inches  in  diameter, 
is  used  for  fine  grinding  of  minerals. 

Steel  Pliers  are  used  for  breaking  off  fragments  of  minerals. 

Platinum  Foil.  A  thin  sheet  of  platinum  about  i  by  f  inch 
may  be  used  for  soda  fusions. 

Dropping  Bulbs  are  useful  for  reagents  that  are  needed  in  small 
amounts,  such  as  Co(N03)2. 

Small  beakers,  crucibles,  wash-bottles,  etc.,  may  often  be 
used  to  advantage. 

12 


\  \ 


178        INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

9.  REAGENTS  USED  IN  BLOWPIPE  ANALYSIS 

A,  Dry  Reagents 

Dry  reagents  should  be  kept  in  wide  mouthed  glass  bottles. 
It  is  convenient  to  have  a  set  of  four  or  six  of  these  bottles  in  a 
wooden  stand. 

Soda  or  Sodium  Carbonate,  NajCOg.  Baking  soda  (NaHCOg) 
may  be  used  instead.     Soda  is  used  principally  for  fusions. 

Borax,  NajB^O^-lOHjO  is  used  principally  for  bead  tests.  The 
ordinary  commercial  salt  can.be  used.  Borax  glass  is  simply 
fused  borax,  used  in  silver  cupellation. 

Sodium  Metaphosphate,  NaPOg.  This  is  used  for  the  bead 
tests,  in  which  salt  of  phosphorus,  HNaNH4P04-4H20,  is  usually 
employed.  It  can  be  made  by  fusing  salt  of  phosphorus,  and  is 
much  more  convenient,  as  a  salt  of  phosphorus  bead  usually 
drops  off  the  loop  of  platinum  wire  when  heated. 

Potassium  Acid  Sulfate,  KHSO^.  This  is  used  in  bismuth 
flux,  in  boracic  acid  flux,  and  also  independently. 

Bismuth  Flux  is  made  by  grinding  together  1  part  KI,  1  part 
KHSO4,  and  2  parts  S.  It  is  used  on  plaster  tablets  and  also  on 
charcoal. 

Boracic  Acid  Flux  is  a  mixture  of  1  part  of  finely  powdered 
fluorite  (CaFj)  with  3  parts  of  KHSO^. 

Cupric  Oxid,  CuO.     Powdered  malachite  may  be  used  instead. 

Tin.  Ordinary  tin-foil  (sheet  lead  with  a  thin  coating  of  tin) 
is  used  as  a  rec^cing  agent. 

Test  Lead.  Lead  in  a  granulated  form  such  as  is  used  in  assay- 
ing. 

Bone-Ash,  such  as  is  used  in  assaying,  is  moulded  into  cupels 
on  charcoal. 

B,  Wet  Reagents 

The  following  are  the  more  important  wet  reagents  used  in  the 
determination  of  minerals,  though  occasionally  any  of  the 
reagents  of  the  chemical  laboratory  may  be  found  useful. 

Hydrochloric  Acid,  HCl.     Two  parts  concentrated  acid  (sp.  gr. 
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1.20)  with  3  parts  distilled  water  is  the  acid  used  for  general 
purposes.     (5N.)* 

Nitric  Acid,  HNO3.  One  part  concentrated  acid  (sp.  gr.  1.42) 
with  2  parts  water.     (5N.) 

Sulfuric  Acid,  HjSO^.  One  part  concentrated  acid  (sp.  gr. 
1.84)  with  4  parts  of  water  (5N).  It  should  be  diluted  with  great 
care  by  pouring  acid  into  the  water  rather  than  the  reverse. 

Citric  Acid.  As  this  is  a  solid  it  may  be  used  in  the  field 
for  testing  carbonates.  It  is  only  necessary  to  make  a  water 
solution. 

Aqua  Regia  is  a  mixture  of  3  parts  of  cone.  HCl  and  1  part  of 
cone.  HNO3.     It  is  made  up  when  needed. 

Ammonium  Hydroxid,  NH4OH.  One  part  of  concentrated 
NH4OH  (sp.  gr.  0.96)  to  4  parts  of  solution. 

Ammonium  Oxalate,  (NH4)2C204-2H20.  40  grams  of  salt  to  a 
liter  of  solution.     (JN.) 

Sodium  Acid  Phosphate,  Na2HP04l2H20.  60  grams  to  a  liter 
of  solution.     (iN.) 

Ammonium  Molybdate,  (NH4)2Mo04.  It  is  difficult  to  pre- 
pare this  reagent.  Dissolve  100  grams  of  M0O3  in  250  ccm. 
NH4OH  (sp.  gr.  0.96)  with  250  ccm.  of  water.  After  cooling, 
pour  this  solution  into  750  ccm.  HNO3  (sp.  gr.  1.2)  with  750 
ccm.  water  while  stirring. 

Silver  Nitrate,  AgNOg.  43  grams  of  the  salt  to  a  liter  of  solu- 
tion.    (iN.) 

Barium  Chlorid,  BaClg^HjO.  61  grams  of  satt  to  a  liter  of 
solution.     (iN.) 

Cobalt  Nitrate,  Co(N03)2-6H20.  73  grams  of  the  salt  to  a 
liter  of  solution.     (JN.) 

C.  Additional  Reagents  used  in  Qualitative  Analysis 

Acetic  Acid,  HC2H3O2.     30  per  cent.  acid.     (5N.) 
Alcohol.     95  per  cent,  ethyl  alcohol. 

'i'N  means  a  normal  solution,  t.  e.,  one  that  contains  one  gram-equivalent  of  the  sub- 
stance in  one  liter,  a  gram  atom  of  hydrogen  being  the  unit. 
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Ammonium  Carbonate,  (NH4)2C03.  192  grams  to  a  liter  of 
solution,  including  100  ccm.  of  NH^OH.     (4N). 

Ammonium  Chlorid,  NH4CI.  267  grams  to  a  liter  of  solution. 
(5N) .     The  solid  reagent  is  also  used  for  some  purposes. 

Ammonium  Sulfid,  (NH4)2S.  Saturate  cone.  NH^OH  with 
HjS,  and  add  an  equal  volume  of  NH^OH.  Dilute  with  three 
volumes  of  water.     (4N.) 

Anmionium  Sulfid,  Yellow,  (NH4)2Sa..  Made  by  adding 
flowers  of  sulfur  to  (NH4)2S. 

Barium  Hydroxid,  Ba(OH)2-8H20. 

Calcium  Carbonate,  CaCO,.     The  solid  reagent. 

Chloroplatinic  Acid,  HjPtCle.  This  is  made  by  dissolving 
scrap  platinum  (after  cleaning)  in  aqua  regia. 

Ether-Alcohol.     Equal  volumes  of  ether  and  absolute  alcohol. 

Ferrous  Sulfate,  FeSO^'THjO.     Concentrated  solution. 

Lead  Acetate,  Pb(C2H302)2*3H20.  95  grams  to  a  liter  of  solu- 
tion.    (iN.) 

Potassitmi  chromate,  K2Cr04.  49  grams  to  a  liter  of  solu- 
tion.    (iN.) 

Potassium  Cyanid,  KCN.    33  grams  to  a  liter  of  solution.    ( JN.) 

Potassitmi  Ferricyanid,  KgFeCCN)^.  55  grams  to  a  liter  of 
solution.     (iN.) 

Potassium  Ferrocyanid,  K4Fe(CN)e-3H20.  53  grams  to  a  liter 
of  solution.     (iN.) 

Potassium  Hydroxid,  KOH.     Solid  reagent. 

Sodium  Acetate,  NaC2H302.  The  solid  dissolved  in  ten  parts 
of  water. 

Sodium  Carbonate,  Na2C03.    Solid  reagent. 

Sodium  Cobaltic  Nitrite,  Na3Co(N02)6.  This  is  made  by  add- 
ing 1  part  of  Co(N03)2  solution  to  3  parts  of  acetic  acid  and  5 
parts  of  a  10  per  cent,  solution  of  NaNOj. 

Soditmi  Hydroxid,  NaOH.    Solid  reagent. 

Sodium  Nitrate,  NaN03.     Solid  reagent. 

Stannous  Chlorid,  SnCl2'2H20.  56  grams  to  a  liter  of  solu- 
tion. (iN.) 

Tartaric  Acid,  C^H^Oe- 
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10.  THE  OPERATIONS  OF  BLOWPIPE  A 

The  list  of  tests  given  here  serves  both  as  an  oi 
'ith  known  substances,  and  also  as  determina 
nknown  minerals.  Only  important  tests  are  in 
)  be  of  value  decided  results  must  be  obtained. 

Use  of  the  Blowpipe. 

To  produce  a  steady  flame,  maintain  a  reser 
seping  the  checks  slightly  distended,  and  by  bret 
le  nose. 

Oxidizing  Flame  {O.F.).  The  extreme  outer 
:  a  small  flame  produced  by  a  rather  strong  blasi 
ivorable  for  oxidation.     If  a  candle,  lamp,  or  Bi 


fed,  the  tip  of  the  blowpipe  is  held  just  within  the 
> il it y  to  produce  agood  oxidizing  flame  may  be  ju 
>rax  on  a  ^  inch  loop  of  platinum  wire  and  then 
oOj.  The  bead  should  be  colorless. 
Reducing  Flame  (R.F.).  The  tip  of  the  inner 
"ig.  386)  of  a  large  flame  produced  by  a  gentli 
ost  favorable  for  reduction.  If  a  candle,  Ian 
irnei'  is  used,  the  blowpipe  tip  ia  held  just  ou 
id  the  whole  flame  is  directed  toward  the  as* 
!ad  made  amethyst  colored  with  a  little  MnOj 
icome  colorless  when  heated  in  a  good  reduciti 
ducing  flame  should  be  luminous,  and  just  hot  < 
!nt  the  deposition  of  soot. 
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II.    Flame  Tests. 

In  the  high  temperature  of  the  blowpipe  flame  many  com- 
pounds^ are  volatilized.  The  colors  produced  are  often  charac- 
teristic, and  should  be  viewed  against  a  black  background  such 
as  a  piece  of  charcoal.  The  ehlorids  are,  as  a  rule,  the  most  vola- 
tile compounds  of  the  metals,  so  HCl  should  be  used,  but  in  some 
cases  H2SO4  is  better.  Platinum  wire  is  used  except  for  com- 
pounds of  As,  Sb,  Pb,  and  Cu,  which  may  be  heated  on  char- 
coal. The  wire  should  be  cleaned  with  HCl  after  each  test,  but 
it  should  never  be  placed  in  a  reagent  bottle  on  account  of  danger 
of  contaminating  the  reagent. 

Red  Flames. 

Purplish  red — ^lithium  compounds. 

Crimson — strontium  compounds. 

Orange  red — calcium  compounds. 

Yellow  Flames. 

Intense  yellow  (masked  by  blue  glass) — sodium  compounds. 

Green  Flames. 

Yellowish  green — barium  compounds. 

Yellowish  green — molybdenum  compounds. 

Emerald  green — copper  compounds  (without  HCl). 

Bright  green  (use  HjSOJ — boron  compounds. 

Pale  bluish  green  (use  HgSOJ — phosphates. 

Pale  bluish  green — tellurium  compounds. 

Pale  bluish  green — antimony  compounds. 

Bluish  green — zinc  compounds. 

Blue  Flames. 

Azure  blue — copper  compounds  (with  HCl). 

Pale  blue — arsenic  compounds. 

Pale  blue — lead  compounds. 

Violet  Flames. 

Pale  reddish  violet  (use  blue  glass) — potassium  compounds. 

The  spectroscope  must  be  used  to  detect  such  elements  as 
rubidium,  calcium,  thallium,  indium,  etc.,  and  also  to  detect  very 
small  amounts  of  the  above  mentioned  elements. 


V 
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III.  Open  Tube  Tests. 

Glass  tubes  about  4  inches  long  and  open  at  both  ends  are  used. 
The  substance  is  placed  about  1  inch  from  one  end  of  tube.  The 
tube  is  heated  gently  in  a  horizontal  position  at  first  and  then  is 
gradually  inclined  while  still  heating,  thus  producing  a  current 
of  air. 

Odor  of  burning  matches  (SOj) — sulfids  and  sulfo-salts. 
Sublimate  of  minute  brilliant  crystals  (ASjOg) — arsenids  and 
sulfarsenites. 

Non-volatile  amorphous  sublimate  (SbjO^)  on  under  side  of 
tube — antimony  sulfid  and  sulfantimonites. 
Gray  metallic  globules  (Hg) — mercury  sulfid. 

IV.  Closed  Tube  Tests. 

Glass  tubes  closed  at  one  end  are  used.  Two  closed  tubes  may 
be  made  at  the  same  time  by  fusing  a  piece  of  tubing  about 
5  inches  long  at  its  middle  point  and  pulling  it  apart  when  hot. 
Tubes  should  be  clean  and  dry  before  using. 

1.  Change  in  Appearance. 

Decrepitates  (flies  to  pieces) — characteristic  of  many  minerals. 

Turns  black — copper  minerals. 

Turns  dark  red— iron  minerals. 

Turns  yellow — lead  minerals. 

Turns  yellow  (white  on  cooling) — zinc  minerals. 

2.  Formation  of  Sublimates. 

Yellow  sublimate  (S) — some  sulfids. 
Black  metallic  mirror  (As) — arsenids. 
Reddish  yellow  (AsS) — arsenic  sulfids  and  sulfarsenites. 
Reddish  brown   (SbgSjO) — antimony  sulfids  and  sulfanti- 
monites. 

White  volatile  sublimate — ammonium  salts. 

Water  (HgO) — hydroxids,  hydrous,  basic,  and  acid  salts. 

3.  Formation  of  Gases. 

Colorless    and    odorless    (COj) — carbonates^   (detected   by 
Ba(0H)2. 


I  f 
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Colorless  and  odorless  (O) — manganese  diozids  (detected  by 
glowing  charcoal). 

Brownish-red  and  pungent  odor  (NOj) — nitrates. 

V.    Treatment  on  Charcoal. 

The  substance,  either  alone  or  intimately  mixed  with  some 
reagent,  is  heated  in  a  shallow  circular  cavity,  at  one  end  of  the 
charcoal,  made  by  revolving  a  coin  or  end  of  a  knife  handle. 
O.F.  or  R.F.  is  used  according  to  the  desired  effect. 

1.  Evolution  of  Gas. 

Odor   of  burning   matches   (SO2) — sulfids  and   sulfo -salts 
(use  O.F.). 
Arsin  odor  (AsHg) — ^arsenids  and  sulfarsenites  (use  R.  F.). 

2.  Formation  of  Sublimates.     (Use  0.  F.). 

White  sublimate  near  assay  (SbjOg) — antimony  compounds. 
White  sublimate  far  from  assay  (AsjOg) — arsenic  compounds. 
White  sublimate,  yellow  when  hot  (ZnO) — zinc  compounds. 
White  sublimate,  yellow  near  assay  (PbSOJ — ^lead  stilfid. 
Yellow  sublimate  (PbO) — ^lead  compounds. 
Yellow  sublimate  BijOg — ^bismuth  compounds. 

3.  Reduction  with  Soda. 

Mix  intimately  1  part  of  the  finely  powdered  substance  with 
3  parts  of  soda  (NajCOg)  and  fuse  in  R.  F.  on  charcoal. 

Magnetic  particles  (Feg04,Ni,Co) — ^iron,  nickel,  and  cobalt 
compounds. 

Metallic  button,  gray  and  malleable  (Pb) — ^lead  compounds. 

Metallic  button,  malleable  but  brittle  on  edges  (Bi) — bis- 
muth compounds. 

Metallic  button,  malleable  white  (Ag) — silver  compounds. 

Metallic  button,  malleable  yellow  (Au) — ^gold  compounds. 

Metallic  button,  malleable  red  (Cu) — copper  compounds. 

Metallic  button,  malleable  white  (Sn) — ^tin  compounds. 

4.  Soda  Fusion  Test  for  Sulfur. 

An  intimate  mixture  of  a  finely  powdered  sulfid  or  sulfo-salt 
with  about  three  parts  of  soda  is  heated  in  O.F.  on  a  thin  sheet  of 
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Vn.    Treatment  on  Charcoal  with  Bismuth  Flux. 

As  above  but  with  charcoal  instead  of  plaster  as  a  support. 

Greenish-yellow  sublimate  (Pblj) — lead  compounds. 

Scarlet  sublimate  (Bilg) — bismuth  compounds. 

Faint  yellow  sublimates  (Hglj,  etc.) — mercury,  arsenic,  and 
antimony  compounds. 

Vni.    Borax  Bead  Tests. 

Borax  beads  are  made  by  fusing  borax  in  an  J-inch  loop  of 
platinum  wire.  Great  care  should  be  used  in  O.F.  and  R.F. 
Sulfids  should  be  first  roasted  by  gently  heating  the  powdered 
substance  spread  out  on  charcoal.  It  is  well  to  preserve  the 
beads  in  a  little  frame  or  glass  tube  for  future  reference.  Many 
elements  giving  colorless  or  pale  yellow  beads  are  not  mentioned. 
The  colors  refer  to  cold  beads,  except  when  otherwise  mentioned. 
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IX.    Sodium  Metaphosphate  Bead  Tests. 

Beads  of  sodium  metaphosphate,  NaPOg,  are  made  just  as 
with  borax.  Salt  of  phosphorus  or  microcosmic  salt,  HNaNH^- 
PO4 -41120  may  also  be  used,  for  on  heating  it  loses  NH3  and  HjO, 
and  is  converted  into  NaPOg.     The  colors  refer  to  cold  beads. 
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Silica  is  insoluble  in  a  NaPOg  bead,  while  with  silicates,  the 
bases  dissolve  (sometimes  coloring  the  bead)  while  the  silica 
remains  as  a  translucent  mass,  often  the  shape  of  the  original 
fragment,  which  floats  around  in  the  bead.  A  few  other  com- 
pounds, such  as  AljOg,  are  also  insoluble  in  a  NaPOg  bead  or  are 
very  slowly  soluble. 


188        INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

X.  Reduction  Color  Tests. 

Saturate  several  NaPOj  beads  with  the  substance,  and  heat  on 
charcoal  with  metallic  tin  in  R.F.  Dissolve  in  dilute  HCl,  add 
tin,  and  then  boil. 

Violet  solution — titanium  compounds. 
Deep  blue  solution — tungsten  compounds. 
Brown  solution — molybdenum  compounds. 
Green  solution — chromium,  uranium,  and  vanadium  com- 
pounds. 

XI.  Soda  Bead  Tests. 

Beads  of  soda  are  made  as  with  borax  and  sodium  metaphos- 
phate.     Use  O.F. 

Bluish-green  opaque  bead  (Na2Mn04) — manganese  com- 
pounds (a  very  delicate  test). 

Yellow  opaque  bead  (Na2Cr04) — chromium  compounds. 

Effervescence — silica.  Na2C03  +  Si02  =  Na2Si03  +  C02.  (The 
bead  will  be  clear  if  equal  molecular  quantities  are  used.) 

XII.  Treatment  with  Acid  Potassium  Sulfate. 

• 

The  substance  is  mixed  with  KHSO4  and  heated  in  a  test-tube 
or  closed  tube. 

Red-brown  fumes  with  pungent  odor  (NOg) — nitrates. 
Colorless  gas  with  HCl  odor  (HCl) — chlorids. 
Colorless  gas  which  etches  glass  (HF) — fluorids. 
Colorless  gas  with  disagreeable  odor  (H2S) — sulfids. 
Colorless,  odorless  gas  (CO2) — carbonates. 

XIII.  FusibiUty  Tests. 

Long  thin  splinters  of  the  mineral  about  1  mm.  in  diameter 
held  with  platinum-tipped  forceps  or  wrapped  with  a  coil  of 
platinum  wire  are  heated  in  the  hottest  part  of  the  flame  which  is 
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just  beyond  the  tip  of  the  inner  cone  (see  Fig.  386,  page  181)  of 
a  small  sharp  O.F.  flame  (rather  strong  blast).  Metallic  sub- 
stances should  be  heated  on  charcoal  as  they  may  contain  As,  Sb, 
or  Pb  which  will  alloy  with  the  platinum.  Powders  or  substances 
which  fly  to  pieces  when  heated  may  be  ground  into  a  paste 
with  a  little  water,  which  after  careful  drying  can  be  heated  in 
the  forceps  or  on  charcoal. 

Scale  of  Fusibilty 

1.  Fuses  easily  in  luminous  flames  (gas  or  candle) — ^stibnite. 

2.  Fuses  with  difficulty  in  luminous  flame — chalcopyrite. 

3.  Fuses  easily  in  blowpipe  flame — almandite  garnet. 

4.  Fuses  on  edges  easily  in  blowpipe  flame — actinolite. 

5.  Fuses  on  edges  with  difficulty — orthoclase. 

6.  Fuses  only  on  thinnest  edges — enstatite. 

7.  Infusible,  even  on  thinnest  edges — quartz. 

Not  only  the  degree,  but  also  the  manner  of  fusion  ehould  be 
noted.  The  substance  may  fuse  either  to  a  clear,  opaque,  or 
colored  glass,  quietly,  with  intumescence  (bubbling),  or  with 
exfoliation  (spreading  out  like  leaves  of  a  book) . 

XIV.     Silver  Cupellation. 

A  qualitative  test  for  silver  in  ores  may  easily  be  carried  out  by 
means  of  the  blowpipe.  The  method  is  similar  to  that  used  in 
assajdng  except  that  it  is  on  a  smaller  scale. 

By  using  an  assay  centner  (100  mg.)  of  ore  and  measuring  the 
silver  button  obtained  on  an  ivory  scale  made  for  the  purpose, 
one  may  obtain  quantitative  results  which,  after  some  practice, 
are  very  satisfactory. 

(1)  Mix  finely  powdered  ore  intimately  with  one  volume  of 
borax  glass  (made  by  fusing  borax),  and  one  volume  of  test  lead. 
If  ore  is  galena,  it  is  not  necessary  to  add  test  lead.  (2)  Fuse 
mixture  in  a  deep  cavity  in  charcoal  with  a  strong  R.F.  for  several 
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minutes.  (3)  When  cool  remove  lead  from  charcoal  and  hammer 
off  the  slag.  (4)  Add  fresh  borax  glass  and  heat  in  O.F.  until 
the  quantity  of  lead  is  considerably  diminished.  Again  hammer 
off  every  particle  of  the  slag.  (5)  Prepare  a  cupel  by  filling  a 
large  cavity  in  charcoal  with  very  slightly  moistened  bone-ash  and 
making  a  smooth  concave  depression  with  a  mold  (the  end  of  a 
large  test-tube  will  do).  Heat  cupel  gently  and  remove  all  loose 
particles.  (6)  Place  the  cube  of  lead  on  the  cupel  and  fuse  in 
O.F.  by  blowing  across  the  top  of  it,  using  a  small  flame  and 
strong  blast.  The  oxidation  produces  a  thin  film  of  lead  oxid 
showing  interference  colors,  but  when  the  lead  is  all  absorbed, 
the  film  suddenly  disappears  or  "blicks,"  and  a  minute  sphere  of 
silver,  which  may  also  contain  gold,  remains.  If  the  button 
"freezes"  or  is  not  spherical,  it  is  better  to  begin  again. 

XV.    Solubility  Tests. 

In  the  absence  of  any  special  phenomena  the  only  accurate 
way  of  testing  solubility  is  to  boil  the  solvent  with  the  substance 
for  some  time  and  then  to  filter  or  decant  the  clear  liquid  and 
evaporate  to  dryness.  A  residue  indicates  that  the  substance 
is  soluble.  If  in  doubt  as  to  the  solubility  run  a  blank  test  with 
an  equal  quantity  of  solvent  alone.  A  water  solution  of  the 
residue  gives  a  precipitate  with  NagCOg,  except  in  the  case  of 
alkali  compounds,  but  among  minerals  these  are  all  readily  soluble 
in  water. 

Soluble  in  water — nitrates,  some  chlorids,  some  sulfates,  some 
borates,  some  carbonates. 

Soluble  in  HCl — all  carbonates,  some  sulfids,  some  sulfates, 
borates,  some  phosphates,  some  silicates  (see  p.  241-244),  iron 
oxids,  and  iron  hydrozids. 

Soluble  in  HNOg,  but  insoluble  in  HCl — most  sulfids  and  sulfo- 
salts. 

Soluble  in  aqua  regia — gold  and  platinum. 

Soluble  in  HF — silica  and  nearly  all  the  silicates. 
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Insoluble  in  acids  but  soluble  in  other  liquids — cerargyrite, 
soluble  in  NH^OH;  anglesite,  soluble  in  NH^CjHgOj;  sulfur, 
soluble  in  CSj. 

Insoluble,  but  decomposed  by  fusion  with  NajCOg — most  sili- 
cates, chromite,  wolframite,  barite,  and  celestite.  For  method 
of  treatment  see  note  4,  for  silicates,  p.  203. 

Insoluble,  not  completely  decomposed  by  soda  fusion,  but  de- 
composed by  fusion  with  KOH — cassiterite,  corundum,  and 
rutile. 


Evolution  of  Gas. 


Colorless,  odorless  gas  (COj) — carbonates. 
Colorless  gas  with  disagreeable  odor  (H2S) — some  sulfids. 
Colorless,  pungent  gas  (CI) — manganese  dioxid. 
Brown  red,  pungent  gas  (NOj) — sulfids. 

Dolor  of  Solution. 

Amber  solution — iron  compounds. 

Green  solution — copper  and  nickel  compounds. 

Blue  solution — copper  compounds. 

Pale  red  solution — cobalt  compounds. 

nsoluble  Residue. 

Gelatinous  residue— some  silicates. 

White    residue    (PbS04),(HSb03),(AgCl)— lead,   antimony, 
and  silver  minerals. 

Yellow  residue  (WO3) — calcium  tungstate. 


[VI.     Wet  Tests  and  Group  Reagents. 

A.  Wet  Tests  for  Bases 

HCl  precipitates  AgCl,  HgCl,  and  PbClj. 
HjS  in  acid  solutions  precipitates  AgjS,  PbS,  HgS  +  Hg,  BijSg, 
uS,  HgS,  AS2S3,  AS2S3  +  S,  SbgSg,  SnS,  and  SnSg. 
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NH4OH  in  the  presence  of  HCl  (or  NH^Cl)  precipitates 
Pb  (0H)2,  HgjNH^Cl,  HgNHjCl,  BiO(OH),  SbO(OH),  Sn(OH),, 
Sn(OH)„  A1(0H)3,  Cr(0H)3,  Fe(0H)3,  FeCOH)^,  and  also 
Ca3(P04)2,  CaF^,  and  Ca(B02)2. 

(NH4)2S  in  neutral  solutions  precipitates  AgjS,  PbS,  HgS, 
CuS,  BigSg,  SbaSg,  SnS,  A1(0H)3,  Cr(0H3),  FeS^FeS  +  S,  ZnS, 
MnS,  CoS,  and  NiS.  , 

(NH4)2C03  precipitates  from  alkaline  solutions  carbonates  of 
all  the  non-alkali  metals  except  Mg.  With  Ag,  Cu,  Co,  Ni,  and 
Zn  the  precipitate  is  soluble  in  excess. 

NajHPO^  precipitates  all  the  metals  except  the  alkalies  as 
phosphates,  Hg  as  basic  chlorid,  and  Sb  as  oxid. 

Na2C03  precipitates  all  the  metals  except  the  alkalies  as  fol- 
lows: Ag2C03,  HgaCOg,  CdCOg,  FeCOg,  MnCOg,  BaCOg,  SrCOj, 
CaC03,  Fe(0H)3,  A1(0H)3,  Cr(0H)3,  Sn(0H)2,  .  "EL^SnO,, 
SbjOg,  HgaOClj,  HaSbO^,  and  basic  carbonates  of  Pb,  Cu,  Zn, 
Co,  and  Ni. 

H2SP4 precipitates  PbSO^,  BaS04,SrS0„  CaSO^  (incompletely), 
and  HgS04  (incompletely). 

NaOH  precipitates  Ag20,  Hg20,  H,0,  Cu(0H)2,  Cd(OH),^ 
BiO(OH),  SbO(OH)3,  Sn(0H)2,  SnO(OH)2,  Fe(0H)3,  Fe(OH),. 
Ni(0H)2,  Co(OH)2,  Mn(0H)2,  Ba(0H)2  (incompletely),  Sr(OH): 
(incompletely),  Ca(0H)2  (incompletely),  Mg(0H)2,  and  the  fol 
lowing  which  are  soluble  in  excess:  Pb(0H)2,  SbjOg,  SbO(OH),, 
Sn(0H)2,  SnO(OH)2,  A1(0H)3,  Cr(0H)3,  Zn(0H)2. 

NH4C2O4  precipitates  oxalates  of  all  the  metals  except  the 
alkalies  from  alkaline  solutions. 


B,     Wet  Tests  for  Acids 

With  BaClj  as  a  reagent. 

A  white  ppt.  insoluble  in  HCl  indicates  SO4. 
A  white  ppt.  soluble  in  HCl,  but  insoluble  in  acetic  acid  indi- 
cates F. 
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A  yellow  ppt.  soluble  in  HCl  but  insoluble  in  acetic  acid 
indicates  CrO^. 

A  white  ppt.  soluble  in  HCl  and  in  acetic  acid  indicates  BOj 
or  Bfljj  P0„  CO3,  or  AsO^. 


With  AgNOs  as  a  reagent. 

A  yellow  ppt.  soluble  in  HNO3  indicates  PO4. 
A  red  or  red-brown  ppt.  soluble  in  HNO3  indicates  AsO^  or 
CrO^. 

A  white  ppt.  soluble  in  HNO3  indicates  BOj  or  B4O7- 
A  white  ppt.  insoluble  in  HNO3  indicates  CI. 
A  black  ppt.  soluble  in  HNO3  indicates  S. 

XVII.    Preparation  of  Solution. 

Water  is  the  first  solvent  used,  and  after  that  either  hydrochloric 
or  nitric  acids.  For  some  minerals  HCl  is  the  best  solvent  and 
for  some  HNO3  is  the  best  so  that  it  is  well  to  try  a  small  quantity 
of  the  mineral  with  each  of  these  solvents  to  determine  which  is 
the  better.  For  sulfids  HNO3  is  the  best  solvent,  but  if  Pb,  Sb, 
and  Sn  are  present  white  residues  are  formed.  HCl  will  precipi- 
tate chlorids  of  Ag,  Pb,  and  Hg.  If  the  substance  is  insoluble 
in  both  HNO3  and  HCl  it  may  be  soluble  in  aqua  regia  (1  part 
HNOs+3  parts  HCl). 

Many  minerals,  especially  silicates,  are  insoluble  in  aqua  regia, 
and  require  fusion  with  NagCOg  on  platinum  foil  or  in  a  porcelain 
crucible.  A  water  solution  of  the  fusion  will  generally  contain 
sodium  salts  of  various  acids  while  an  acid  solution  of  the  residue 
will  generally  contain  the  metals. 

The  following  minerals  are  not  decomposed  by  NagCOg  and 
require  fusion  with  KOH  in  a  nickel  or  silver  crucible;  corundum, 
AljO,;  cassiterite,  SnOj,*  and  rutile,  TiOj. 
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XVIII.     Qualitative  Scheme  (for  the  more  common  elements). 
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1.  Add  cold  dilute  HCl  in  excess.     Ppt.  2.     Filtrate  6. 

2.  Wash  ppt.  with  hot  water  on  filter-paper.  Kesidue  3.  Filtrate  5. 

3.  Add  NH^OH  to  resid  ue  drop  by  drop.    A  blackening  indicates  Hg. 
Divide  filtrate  into  two  portions  4  and  5. 

4.  Acidify  filtrate  with  HNO,.     A  white  ppt.  indicates  Ag. 

5.  Test  filtrate  with  KgCrO^.     A  yellow  ppt.  indicates  Pb. 

6.  Pass  HjS  into  warm,  slightly  acid  solution.     Ppt.  7.    Filtrate  16. 

7.  Digest  ppt.  with  (NH  J  jS.     Filter.     Residues.     Filtrate  13. 

8.  Digest  residue   with   hot  dilute   HNO,.     Filter.     Residue    9. 
Filtrate  10. 

9.  Dissolve  residue  in  aqua  regia.  Boil  ofif  CI.  A  ppt.  with 
SnCl,  indicates  Hg. 

10.  Add  a  little  cone.  HjSO^  and  drive  off  excess.  A  white  ppt. 
indicates  Pb.     Filtrate  11. 

11.  Add  NH^OH  in  excess  to  filtrate.  A  white  ppt.  indicates  Bi. 
Filtrate  12. 

12.  A  blue  filtrate  indicates  Cu.  Add  KCN  until  blue  color  disap- 
pears.    Then  pass  HaS.     A  yellow  ppt.  indicates  Cd. 

13.  Add  dilute  HCl  to  filtrate.  Heat  ppt.  formed  with  cone.  HCl. 
A  residue  indicates  As.     Filtrate  14. 

14.  Into  the  dilute  solution,  heated  to  almost  boiling,  pass  H2S. 
An  orange  red  ppt.  indicates  Sb.    Filtrate  15. 

15.  Into  the  cool  diluted  filtrate  pass  HjS.  A  yellow  ppt.  indicates 
Sn. 

16.  Boil  off  HaS,  add  a  few  drops  of  HNO,.  Add  NH^Cl  and 
NH.OH.     Ppt.  17.    Filtrate  22. 

17.  Dissolve  ppt.  in  least  possible  amount  of  HCl.  Add  50%  alco- 
hol and  dilute  HjSO^.     A  crystalline  ppt.  indicates  Ca.    Filtrate  18. 

18.  Boil  off  the  alcohol,  make  filtrate  alkaline  with  NH4OH.  Ppt. 
19.     Reject  filtrate. 

19.  Fuse  ppt.  with  NajCO,  and  NaNO,  on  platinum  foil.  A  bluish- 
green  mass  indicates  Mn.  Digest  fused  mass  in  hot  water  and  filter. 
Residue  indicates  Fe.     Divide  filtrate  into  two  portions,  20  and  21. 

20.  A  yellow  filtrate  giving  red  ppt.  with  AgNO,  indicates  Cr. 

21.  Acidify  with  HCl.  Add  solid  NH^Cl  and  boil.  A  ppt.  indi- 
cates  Al. 
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22.  Into  the  warm  alkaline  filtrate  pass  H^S.    Ppt.  23.    Filtrate  29.  y 

23.  Wash  ppt.  on  filter  with  cold  dilute  (1: 10)  HCl.     Residue  24.  I 
Filtrate  26.  . 

24.  Dissolve  residue  in  aqua  regia.     Evaporate  to  dryness,  add  a  \ 
little  water  and  make  strongly  basic  with  NaOH.     Add  tartaric  acid  ; 
but  not  enough  to  make  the  solution  acid.     Heat  slightly  and  pass 
HjS.     A  ppt.  indicates  Co.    Filtrate  25. 

25.  Acidify  filtrate  with  HCl.     A  ppt.  indicates  Ni. 

26.  Boil  filtrate  to  remove  HjS.  Add  KOH  in  excess.  Ppt.  27. 
Filtrate  28. 

27.  Fuse  ppt.  with  NagCOj.     A  bluish-green  mass  indicates  Mn. 

28.  Add  HgS  to  the  filtrate  and  heat.     A  white  ppt.  indicates  Zn. 

29.  Evaporate  filtrate  to  rather  small  volume.  Add  (NHJaCOg 
and  alcohol.     After  standing  a  half-hour,  filter.  Ppt.  30.  Filtrate  34. 

30.  Dissolve  ppt.  in  hot  dilute  acetic  acid  and  add  KjCrO^.  A 
yellow  ppt.  indicates  Ba.     Filtrate  31. 

31.  Add  NH4OH  and  alcohol.  A  yellow  ppt.  indicates  Sr.  Fil- 
trate 32. 

32.  Dilute  arid  add  (NH^)2C204.  A  white  ppt.  indicates  Ca.  Fil- 
trate 33.  * 

33.  Add  NH.OH  and  NajHPO^.     A  white  ppt.  indicates  Mg. 

34.  Evaporate  filtrate  to  dryness.  Ignite  to  drive  off  ammonium 
salts.  Add  NaOH  and  NagHPO^.  Heat  and  add  alcohol.  A  white 
ppt.  indicates  Li.     Filtrate  35. 

35.  To  the  filtrate  add  Na3Co(N02)6.     A  yellow  ppt.  indicates  K. 
Note. — The  original  substance  must  be  tested  for  Na  and  NH^. 

11.  SELECT  BLOWPIPE  AND  WET  TESTS 

Aluminum,  Al. 

1.  Infusible  aluminum  minerals  (also  zinc  silicates)  ignited 
before  and  after  adding  cobalt  nitrate  solution  give  an  intense 
blue  color.  Fusible  minerals  may  give  a  blue  cobalt  glass  whether 
alunainum  is  present  or  not. 

2.  Ammonia  gives  a  white  gelatinous  precipitate,  A1(0H)3,  in 
solutions  containing  aluminum.  Iron  hydroxid,  chromium 
hydroxid,  calcium  phosphate,  calcium  borate,  and  calcium 
fluorid  are  also  precipitated  by  NH^'OH  along  with  A1(0H)3. 
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Ammonium,  NH^. 

1.  Ammonium  salts  heated  in  the  closed  tube  with  KOH, 
NaOH,  or .  CaO  (made  by  heating  caleite,  CaCOg)  give  the 
characteristic  ammonia  odor. 

Antimony,  Sb. 

1.  Antimony  minerals  heated  on  the  charcoal  in  O.F.  give  a 
white  coating  (SbaOg)  near  the  assay  and  dense  white  fumes 
without  odor. 

2.  With  bismuth  flux  on  plaster  antimony  compounds  give  a 
peach-red  coating  or  an  orange  coating  stippled  with  peach-red. 

3.  In  the  open  tube  antimony  minerals  give  a  non-volatile, 
amorphous,  white  sublimate  (SbjOJ  on  the  under  side  of  the  tube. 

4.  Concentrated  HNOg  oxidizes  antimony  sulfids  and  sulfo- 
salts  to  HSbOg,  a  white  precipitate  soluble  in  KOH. 

Arsenic,   As. 

A.  Compounds  without  Oxygen 

1.  On  charcoal  most  arsenic  minerals  give  a  white  volatile 
coating  (AsjOg)  far  from  the  assay  and  fumes  with  characteristic 
odor  of  arsine  (AsHg). 

2.  In  open  tube  minute,  brilliant,  colorless  crystals  ( AS2O3) . 

3.  In  closed  tube  a  black  mirror  of  arsenic. 

4.  HjS  precipitates  yellow  AS2S3,  which  is  soluble  in  (NH^)  jS^, 
but  insoluble  in  concentrated  HCl. 

B.  Arsenates 

5.  Arsenates  heated  intensely  in  closed  tube  with  charcoal 
give  a  black  metallic  mirror. 

6.  Nitric  acid  solutions  of  arsenates  give  a  yellow  precipitate 
with  (NH4)2Mo04  when  heated  to  boiling. 

Barium,  Ba. 

1.  Yellowish-green  flame  (not  made  blue  by  HCl). 

2.  Dilute  H2SO4  precipitates  white  BaSO^  from  dilute  solutions. 
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3.  K2Cr04  or  KgCrjO^  gives  a  yellow  precipitate. 

4.  (NHJgCOg  or  (NH4)2C204  gives  a  white  precipitate  soluble 
in  acids.     (Sr  and  Ca  also). 

Beryllium,  Be. 

1.  Be(0H)2  is  precipitated  along  with  A1(0H)3  by  NH^OH. 
The  precipitate  is  dissolved  in  dilute  HCl  and  the  solution 
evaporated  nearly  to  dryness.  A  little  water  is  added,  and  also 
KOH  in  amount  sufficient  to  dissolye  the  precipitate  which  forms 
at  first.  The  solution  is  diluted  and  boiled  when  Be(0H)2 
separates  out.     (Brush-Penfield). 

Bismuth,  Bi. 

1.  With  bismuth  flux  on  plaster  a  purplish-chocolate  coating 
with  underlying  scarlet. 

2.  With  soda  on  charcoal  R.F.,  a  metallic  button  brittle  on  the 
edges  and  also  a  yellow  sublimate. 

3.  To  a  nitric  acid  solution  from  which  the  excess  of  acid  has 
been  evaporated  HCl  is  added.  On  dilution  with  water,  a  white 
precipitate,  BiOCl,  is  formed. 

Boron,  B. 

1.  Borates  give  a  green  flame  especially  if  moistened  with 
H2SO4.  Silicates  containing  boron  give  a  green  flame  when 
heated  with  boracic  acid  flux  (3  parts  KHSO4  to  1  part  powdered 
fluorite,  CaFj).     BF3  is  formed.  . 

2.  Alcohol  added  to  a  solution  of  a  borate  will  burn  with  a 
green  flame. 

3.  Turmeric  paper  moistened  with  a  HCl  solution  of  a  borate, 
and  dried  carefully  on  the  outside  of  the  test-tube  containing  the 
boiling  solution  becomes  reddish-brown.  This  color  is  changed  to 
black  by  NH4OH.     It  is  well  to  run  a  blank  test  at  the  same  time. 

Calcium,  Ca. 

1.  The  microchemical  gypsum  test  is  the  most  satisfactory  test 
'or  calcium.     A  drop  of  solution  containing  calcium  is  placed 
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on  a  glass  slip  and  alongside  of  it  a  drop  of  dilute  HjSO^.  The 
two  drops  are  brought  into  contact  at  some  point.  In  a  few 
minutes  time  small  crystals  of  CaS04-2H20  (gypsum)  make  theii 
appearance.     (See  Fig.  387.) 

2.  In  a  rather  concentrated  solution  diluteHjSO^  precipitates 

crystalline  CaSO^-^HjO.  The  addition 
of  alcohol  makes  a  more  complete  precipi- 
tation. 

3.  Yellowish-red  flame  with  HCl. 

4.  (NHJ2C2O,  or  (NHJaCOa  gives  a 
white  precipitate  soluble  in  acids,  as  do 
also  Ba  and  Sr.  Ba  gives  a  yellow  pre- 
cipitate with  KjCrO^.     Ca(N03)2  is  solu- 

Fio.  387.  ble   in  ether-alcohol,  while  Sr(NO,),   is 

Microchemical  gypsum.  .         ,    i  i 

msoluble. 
5.  Calcium  borates,  fluorids,  and  phosphates  are  all  precipi- 
tated from  acid  solutions  on  the  addition  of  NH4OH. 

Carbon,  C. 

1.  Carbonates  effervesce  in  dilute  acids  (some  in  the  cold, 
others  only  upon  heating)  with  the  evolution  of  a  colorless,  odor- 
less gas  which  gives  a  white  precipitate  with  Ba(0H)3  or  lime- 
water. 

2.  Citric  acid,  a  solid,  serves  as  a  convenient  field  Teagent. 
Carbonates  effervesce  in  a  water  solution  of  citric  (or  tartaric^ 
acid. 

3.  Hydrocarbons,  such  as  asphaltum,  albertite,  coal,  etc.. 
which  are  not  minerals,  properly  speaking,  heated  in  the  closed 
tube  give  oils  and  tar-like  substances. 

Chlorin,  CI. 

1.  To  a  NaPOg  bead  saturated  with  CuO  (or  malachite)  a  little 
of  the  powdered  substance  is  added.  On  heating,  an  intense 
azure-blue  flame  is  obtained. 

2.  In  chlorid  solutions  AgNOg  gives  a  white  curdy  precipitate 
which  is  soluble  in  NH4OH. 
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Chromitun,  Cr. 

1.  The  borax  and  sodium  metaphosphate  beads  are  emerald 
green  in  both  O.F.  and  R.F. 

2.  The  sodium  carbonate  bead  is  yellow  in  O.F.  KNO3  or 
NaNOg  helps  the  reaction. 

3.  Chromate  solutions  give  a  dark  red  precipitate  with  AgNOg. 

Cobalt,  Co. 

1.  The  borax  and  sodium  metaphosphate  beads  are  deep 
blue  in  both  O.F.  and  R.F.     This  is  a  very  delicate  test. 

2.  Heated  on  charcoal  in  R.F.,  cobalt  compounds  become 
magnetic. 

Copper,  Cu. 

1.  Green  flame  made  azure-blue  with  HCl. 

2.  Borax  and  sodium  metaphosphate  beads  are  blue  in  O.F. 
and  opaque  red  in  R.F.  In  the  presence  of  iron,  the  O.F.  bead 
is  green  or  bluish-green. 

3.  On  charcoal  with  soda  in  R.F.  and  also  with  NaPOg  and 
metallic  tin  on  charcoal,  metallic  copper  (malleable)  is  obtained. 

4.  Solutions  of  copper  minerals  are  blue  (green  in  the  presence 
of  iron) .     NH4OH  produces  a  deep  blue  coloration. 

5.  Copper  solutions  touched  to  a  bright  surface  of  iron,  such  as 
knife-blade  or  hammer,  give  a  coating  of  metallic  copper. 

Fluorin,  F. 

1.  Fluorids  are  soluble  in  concentrated  H2SO4  with  evolution 
of  HF  which  etches  glass.  A  lead  dish,  or  watch-glass  coated 
wit>h  paraffin,  should  be  used. 

2.  Fluorin  compounds  heated  In  a  closed  tube  with  4  parts  of 
NaPOj  will  etch  glass  and  deposit  a  ring  of  SiOj,  which  cannot  be 
washed  off  with  water. 

3.  Fluorin  compounds  heated  with  concentrated  H2SO4  and 
powdered  silica  give  fumes  which  condense  on  moistened  black 
paper.     (Browning.) 
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4.  Fluorids  give  a  momentary  green  flame  when  heated  with 
borax  and  KHSO4.  This  flame  is  due  to  the  formation  of  vola- 
tile BFg. 

Gold,  Au. 

1.  With  soda  on  charcoal  gold  compounds  give  a  malleable 
yellow  button. 

2.  Gold  may  be  identified  in  some  of  its  rich  ores  by  panning 
and  washing  away  light  quartz,  rock,  etc.  Mercury  is  added  to 
the  concentrates.  By  grinding  in  a  mortar  an  amalgam  of  gold 
is  obtained.  This  may  be  heated  on  charcoal  or  in  a  closed 
tube  and  the  mercury  driven  off.  The  residue  is  heated  with  a 
little  borax  on  charcoal  and  a  globule  of  gold  obtained. 

Hydrogen,  H. 

1.  Minerals  with  so-called  water  of  crystallization  give  off 
water  when  heated  in  a  closed  tube  at  a  comparatively  low  tem- 
perature (100-150°  C).  With  hydrous  sulphates  of  iron,  copper, 
and  aluminum  the  water  has  an  acid  reaction  which  is  due  to  the 
SO3  given  off. 

2.  Acid  salts  and  basic  salts  give  off  water  at  comparatively 
high  temperatures  (usually  above  150°  C). 

Iron,  Fe. 

1.  On  charcoal  R.F.,  especially  with  soda,  iron  minerals  become 
magnetic.     (Also  Co  and  Ni.) 

2.  In  O.F.  the  borax  bead  is  amber  colored  and  in  R.F.,  bottle 
green. 

3.  NH4OH  precipitates  brownish-red  Fe(0H)3.  A  few  drops 
of  HNO3  should  always  be  added  to  the  solution  to  insure  oxida- 
tion of  the  iron. 

4.  To  detect  state  of  iron,  a  borax  bead  made  blue  with  CuO 
(or  malachite)  is  changed  to  opaque  red  by  a  ferrous  compound 
and  to  green  by  a  ferric  compound.     (Use  a  neutral  flame.) 

5.  To  detect  the  state  of  iron  in  insoluble  silicates,  fuse  pow- 
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dered  mineral  with  a  large  excess  of  borax  in  a  test-tube.  Break 
tube  and  dissolve  contents  in  HCl.  Test  the  solution  with  K4Fe- 
(CN)e  (ferric  compounds  give  a  blue  precipitate)  and  with  KgFe- 
(CN)q  (ferrous  compounds  give  a  blue  precipitate). 

Lead,  Pb. 

1.  On  charcoal  with  soda  in  R.F.  a  malleable  button  of  lead 
and  a  yellow  coating  of  PbO.  PbS  also  gives  a  white  coating  of 
PbSO,. 

2.  On  plaster  with  bismuth  flux,  a  lemon-yellow  coating. 

3.  From  solutions  containing  lead,  HCl  precipitates  PbClj, 
which  is  soluble  in  hot  water,  but  recrystallizes  on  cooling  the 
solution  as  white  acicular  crystals  with  adamantine  luster. 

Lithium,  Li. 

1.  A  purplish-red  flame,  most  intense  at  first. 

2.  For  separation  from  the  other^alkalies,  see  item  34,  page  195. 

Magnesitun,  Mg. 

1.  In  the  presence  of  NH^OH  and  NH^Cl,  Na2HP04  precipi- 
tates NH4MgP04-6H20,  which  forms  slowly.  Other  metals  (ex- 
cept alkalies)  must  be  absent  as  they  also  give  precipitates. 

2.  White  magnesium  compounds  give  a  pink  color  when 
ignited  with  cobalt  nitrate  solution.  (This  test  is  not  very 
satisfactory).  \ 

Manganese,  Mn. 

1.  Bluish-green  soda  bead  (a  very  delicate  test). 

2.  The  borax  or  NaPOg  bead  is  amethyst  colored  in  O.F.  and 
colorless  in  R.F. 

3.  With  HCl  manganese  dioxids  give  off  chlorin,  a  gas  recog- 
nized by  its  penetrating  odor. 

Mercury,  Hg. 

1.  In  closed  tube  with  dry  soda  gives  globules  of  mercury. 

2.  On  plaster  with  bismuth  flux  a  scarlet  sublimate  when 
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gently  heated.     If  overheated,  the  sublimate  is  dark  greenish- 
yellow.     ' 

3.  Most  mercury  compounds  rubbed  on  a  copper  coin  with 
HCl  give  a  white  amalgam. 

Molybdentim,  Mo. 

1.  NaPOg  bead  is  green  in  R.F.,  but  colorless  in  O.F.  The  R.F. 
beads  dissolved  in  HCl  with  tin  give  a  brown  solution. 

2.  Na2HP04  gives  a  yellow  precipitate  with  nitric  acid  solu- 
tions of  molybdenum  compounds. 

Nickel,  Ni. 

1.  The  borax  bead  in  O.F.  is  violet  when  hot,  reddish-brown 
cold,  while  in  R.F.  the  bead  is  turbid  gray. 

2.  With  nickel  solutions  NaOH  gives  a  pale  green  precipitate 
which  is  insoluble  in  excess.  With  NH4OH  a  precipitate  is 
formed  which  is  soluble  in  excess  to  a  pale  blue  solution  (fainter 
than  copper). 

3.  The  separation  of  nickel  and  C9balt  may  be  effected  thus: 
To  a  solution  free  from  NH^OH  add  NaOH  until  strongly  basic. 
Then  add  tartaric  acid,  but  not  enough  to  make  the  solution 
acid.  Heat  slightly  and  pass  HjS.  The  cobalt  will  be  precipi- 
tated, while  the  nickel  remains  in  solution.  After  filtering,  the 
nickel  may  be  precipitated  from  the  filtrate  by  acidifying  with 
HCl. 

Niobium,  Nb. 

1.  When  fused  with  borax  and  then  dissolved  in  HCl,  the 
addition  of  metallic  tin  gives  a  deep  blue  solution  similar  to  that 
obtained  for  tungsten. 

Nitrogen,  N. 

1.  In  closed  tube  with  KHSO4  nitrates  give  brown-red  fumes 
of  NO2. 

2.  A  concentrated  solution  of  FeS04  added  to  a  solution  of  a 
nitrate  in  concentrated  HjSO^  gives  a  brown  ring. 
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Oxygen,  0. 

No  direct  tests  for  oxygen  are  easily  made.  The  higher  oxids 
of  manganese  dissolve  in  HCl  with  the  evolution  of  CI. 

Phosphorus,  P. 

1.  An  excess  of  (NH4)2Mo04  added  to  a  nitric  acid  solution  of  a 
phosphate  gives  a  yellow  precipitate  which  is  soluble  in  NH4'0H. 
The  solution  should  be  only  slightly  heated,  for  arsenates  give  a 
similar  precipitate  on  boiling. 

2.  Bluish-green  flame  when  moistened  with  H2SO4. 

Platinum,  Pt. 

1.  Insoluble  in  any  single  acid,  but  soluble  in  aqua  regia.  In 
rather  concentrated,  slightly  acid  solutions  KCl  gives  a  yellow 
precipitate,  K2PtClQ,  insoluble  in  alcohol. 

Potassium,  K. 

1.  Violet  flame,  masked  by  sodium,  but  visible  through  a  blue 
glass. 

2.  Sodium  cobaltic  nitrite,  NagCoCNOa)^  (see  p.  180),  gives' a 
yellow  precipitate  insoluble  in  alcohol. 

3.  With  HjPtCle  solution  gives  a  yellow  crystalline  precipitate 
insoluble  in  alcohol. 

Silicon,  Si. 

1.  In  the  NaPOg  bead  silica  and  the  silicates  are  only  partially 
dissolved,  leaving  a  translucent  mass  or  skeleton  of  SiOj. 

2.  With  a  small  amount  of  soda,  silica  effervesces  and  forms  a 
clear  mass.     The  equation  is:  Na2C03  +  Si02  =  Na2Si03H-C02. 

3.  Some  silicates  dissolve  in  HNO3  or  HCl  and  on  evaporation 
leave  a  gelatinous  mass  or  a  slime  of  silicic  acid. 

4.  For  insoluble  silicates  a  soda  fusion  must  be  made.  The 
finely  powdered  mineral  is  fused  on  platinum  foil,  or  a  spiral  loop 
of  platinum  wire,  with  three  parts  of  soda.  The  fused  mass  is 
dissolved  in  dilute  HNO3  ^^^  carefully  evaporated  just  to  dry- 
ness.    Add  dilute  HCl  and  boil.     Filter  off  the  insoluble  silica. 
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The  filtrate  contains  the  bases,  which  are  commonly  Al,  Fe,  Ca, 
and  Mg.     The  following  is  a  scheme  of  separation: 


Add  NH.OH  and  NH.Cl 
(boiling) 


Fe(OH)3,Al(OH)3  AlCOH),  is  soluble  in  KOH. 


Add  (NHJ^C^O, 
(hot) 

Add  Na,HP04 
(cold) 


MgNH^PO^-eH^O. 


5.  For  the  detection  of  alkalies  in  silicates  the  very  finely 
powdered  substance  is  intimately  mixed  with  five  parts  of  CaCOj 
and  one  part  of  NH^Cl  and  fused  for  some  time  on  platinum  foil. 
The  sintered  mass  is  digested  in  hot  water  and  filtered.  NH^OH 
and  (NH4)2C03  are  added  to  the  filtrate.  The  precipitate  is 
filtered  off  and  the  filtrate  evaporated  to  dryness.  The  residue 
is  ignited  until  all  the  ammonium  salts  are  volatilized.  Dissolve 
the  residue  in  a  little  water.  Add  HjPtCle  and  alcohol.  A  yellow 
precipitate  indicates  K.  Evaporate  filtrate  to  dryness  and  test 
flame  for  Na. 

Silver,  Ag. 

1.  With  soda  on  charcoal  in  R.F.,  silver  minerals  yield  malle- 
able metallic  globules  of  silver,  which  may  be  tested  as  under  3. 

2.  For  silver  cupellation  see  page  189. 

3.  Nitric  acid  solutions  of  silver  minerals  on  the  addition  of 
HCl  give  a  white  curdy  precipitate  which  changes  to  violet  on 
exposure  to  light  and  is  soluble  in  NH4OH. 

Sodium,  Na. 

1.  Intense  yellow  flame  masked  by  a  blue  glass.  This  is  a 
delicate  test  so  that  only  an  intense  and  prolonged  coloration 
indicates  sodium  as  an  essential  constituent. 

2.  Sodium  in  insoluble  silicates  may  be  detected  by  the  method 
given  under  Silicon,  note  5. 
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Strontium,  Sr. 

1.  Strontium  compounds  give  a  crimson  flame,  especially 
with  HCl. 

2.  Dilute  H2SO4  gives,  a  white  precipitate,  SrSO^,  with  dDute 
strontium  solutions. 

Sulfur,  S. 

A,  SuLjids  and  Svlfo-salts 

1.  The  finely  powdered  substance  fused  with  three  parts  of 
soda  on  a  sheet  of  mica  or  platinum  foil  gives  a  mass  which  stains 
a  moistened  silver  coin.  Tellurids  and  selenids  give  the  same 
test. 

2.  Jn  the  closed  tube  some  sulfids  give  a  yellow  sublimate  of 
sulfur. 

3.  In  the  open  tube  sulfids  give  off  SO2,  a  colorless  gas  with  the 
odor  of  burning  matches. 

4.  A  few  sulfids  dissolve  in  HCl  with  the  evolution  of  HjS. 
(e.gr.,  sphalerite.) 

5.  Sulfids  are  oxidized  to  sulfates  by  nitric  acid  with  the  evolu- 
tion of  brown-red  fumes  of  NOg.  The  solution  may  be  tested 
as  under  7  below. 

B,  Sulfates 

6.  A  sulfate,  powdered  and  thoroughly  mixed  with  3  parts  of 
soda  and  a  little  charcoal  powder,  is  fused  on  charcoal  in  R.F. 
The  fused  mass  will  stain  a  moistened  silver  coin.  Sulfids  give  the 
same  test  so  it  is  necessary  to  try  the  test  on  mica  or  platinum 
first. 

7.  Sulfate  solutions  with  BaClg,  give  a  white  precipitate  which 
is  insoluble  in  HCl. 

8.  Sulfate  solutions  will  give  microchemical  gypsum  with  a 
calcium  salt  (calcite  dissolved  in  HCl  is  convenient) .  See  Calcium, 
note  1,  page  197. 

Tellurium,  Te. 

1.  A  powdered  tellurid  added  to  hot  concentrated  H2SO4 
gives  a  fine  red-violet  coloration. 
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2.  Tellurids  give  a  pale  bluish-green  flame  coloration  and  a 
white  sublimate  on  charcoal. 

3.  On  plaster  with  bismuth  flux  a  purplish  sublimate  is  ob- 
tained with  tellurids. 

Tin,  Sn. 

1.  Tin  compounds  heated  on  charcoal  in  O.F.  give  a  straw- 
colored  coating,  SnOj.  On  addition  of  Co(N03)2  solution  and 
heating  in  R.F.,  a  bluish-green  coloration  results. 

2.  Tin  compounds  fused  on  charcoal  with  soda  and  a  little  sulfur 
in  strong  R.F.  give  malleable  metallic  buttons  of  tin  which  are 
oxidized  by  HNO3  to  a  white  insoluble  powder,  HjSnOg. 

Titanium,  Ti. 

1.  The  NaPOg  bead  is  violet  in  R.F.  and  colorless  in  O.F. 

2.  Fused  with  soda,  dissolved  in  HCl,  and  the  solution  heated 
with  metallic  tin,  titanium  compounds  give  a  violet  colored  solu- 
tion due  to  the  formation  of  TiClg.  The  solution  is  usually  turbid 
due  to  the  formation  of  metatitanic  acid,  HjTiOg. 

3.  To  the  substance  fused  with  KHSO4  ^  solution  of  hydrogen 
peroxide  is  added  when  a  yellow  coloration  results.  This  is  a 
very  delicate  test. 

Tungsten,  W. 

1.  The  NaPOj  bead  is  blue  in  R.F.,  colorless  in  O.F.  Iron 
interferes  and  gives  a  red  bead  in  R.F. 

2.  NaPOg  beads  treated  on  charcoal  in  R.F.  with  tin  are  dis- 
solved in  HCl  with  the  addition  of  metallic  tin  to  a  deep  blue 
solution. 

3.  With  soluble  tungstates  HCl  gives  a  yellow  residue,  WO3, 
which  is  soluble  in  ammonia. 

Uranium,  U. 

1.  The  NaPOg  bead  is  a  fine  green  in  R.F.  and  yellowish-green 
in  O.F. 
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Vanadium,  V. 

1.  The  NaPOg  bead  is  a  fine  green  in  R.F.  and  light  yellow  in 
O.F. 

2.  In  closed  tube  with  KHSO^  vanadates  give  a  yellow  mass. 

Water  (see  Hydrogen). 

Zinc,  Zn. 

1.  On  charcoal  with  soda,  zinc  compounds  give  a  white  coating 
which  is  yellow  when  hot. 

2.  Zinc  minerals  when  moistened  with  Co(N08)2  solution  and 
intensely  ignited  assume  a  bright  green  color  due  to  the  forma- 
tion of  cobalt  zincate.  Zinc  silicates  give  a  blue  color  like 
aluminum  compounds,  but  if  tried  on  charcoal  the  sublimate  will 
turn  green. 

3.  (NH4)2S  precipitates  in  alkaline  solutions  ZnS,  remarkable 
as  being  the  only  insoluble  white  sulfid. 

Zirconium,  Zr. 

1.  A  HCl  solution  of  a  soda  fusion  .turns  turmeric  paper  orange 
color.  This  test  is  like  that  for  borates,  the  absence  of  which 
must  be  proved. 


PART  V 

THE  DETERMINATION  OF  MINERALS 

1.  Introduction 

Until  one  has  had  considerable  experience  with  minerals  it  is 
necessary  to  determine  many  of  them  by  physical  or  chemical 
tests.  If  there  is  no  clue  to  the  mineral,  it  is  better  to  use 
determinative  tables  than  to  make  tests  at  random.  In  this  part 
of  the  book  are  six  tables  to  aid  in  determining  minerals  by  (1) 
crystal  form,  (2)  structure  or  cleavage,  (3)  color,  (4)  specific 
gravity,  (5)  optical  tests,  and  (6)  blowpipe  and  chemical  tests. 
The  more  common  minerals  are  distinguished  by  larger  type. 

In  making  tests  the  homogeneity  and  purity  of  minerals  is 
important.  If  possible  the  impurity  should  be  removed,  if  not, 
the  effect  of  the  impurity  must  be  taken  into  account.  As 
physical  tests  involve  little,  if  any,  waste  of  material,  they  should 
be  made  before  the  chemical  tests.  All  the  tests  must,  of  course, 
be  made  on  the  same  kind  of  material. 

The  following  remarks  will  help  in  the  use  of  the  tables.  It 
must  be  emphasized  that  these  or  similar  tables  do  not  deter- 
mine a  mineral,  but  simply  give  one  a  clue  to  the  determination. 
The  description  of  the  suspected  mineral  should  always  be  looked 
up  and  additional  confirmatory  tests  made. 


2.  Crystal  Form 

The  crystal  form  is  highly  characteristic  and  many  minerals 

may  be  determined  by  examination  of  crystals  alone.     But  as 

the  crystal  habit  is  often  variable  and  as  large  isolated  crystals  are 

comparatively  rare,  a  fairly  comprehensive  knowledge  of  crys- 
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igraphy  is  necesaary.  The  simple  reflection  gonomet' 
ribed  on  page  81  may  be  used  to  advantage  in  determinir 
tals.  It  should  be  noted  that  isomorphous  minerals  hai 
'ly  identical  angles  and  that  for  all  isometric  crystals  tl 
es  between  corresponding  faces  are  identical.  Cleavaj 
Tvations  are  of  great  value  in  orienting  a  crystal. 
jr  crystalline  aggregates  the  first  half  of  Table  2  is  used. 

3.  Physical  Tests 

epical  specimens  of  minerals  are  moat  easily  recognized  I 
)Ie  physical  tests.  Of  these,  cleavage  is  one  of  the  most  sati 
jry.  Cleavage  should  be  recognized  by  surfaces  with  stej 
arrangement  rather  than  by  cracks  through  the  specime 
lese  may  be  due  to  other  causes. 

[le  second  half  of  Table  2  is  a  list  of  minerals  with  prominei 
/age.  The  horizontal  divisions  of  Tables  2  and  3  are  bast 
1  hardness.  The  top  division  includes  minerals  scratch* 
he  finger-nail,  the  lower  division,  those  not  scratched  by  tl 
3,  while  the  middle  division  includes  those  scratched  by  tl 
3,  but  not  by  the  finger-nail. 

ibie  3  is  a  list  of  minerals  arranged  by  color  (secondarily  I 
.ness) .  The  metallic  colors  are  Hated  separately.  For  son 
srals  the  color  is  characteristic  and  practically  constant.  F' 
rs  there  is  great  variation  due  to  impurities  and  to  isomo 
la  replacement.  Fluorite,  for  example,  is  white,  colorlcf 
it,  blue,  green,  pink,  yellow,  and  brown.  The  minerals  wi 
illic  luster  are  quite  constant  in  color,  though  it  may  be  co 
id  by  surface  tarnish.  A  fresh  fracture  should  always  1 
.  Metallic  minerals  are  opaque  even  on  the  thinnest  edgt 
le  specific  gravity  is  one  of  the  moat  constant  properties 
irals.  For  pure  massive  specimens  without  cleavage  it  is  oi 
le  best  means  of  identification.  Table  4  is  a  list  of  miners 
nged  according  to  increasing  specific  gravity.  The  numbe 
1  represent  the  average  value  for  pure  minerals.  In  usii 
}  tables  it  is  well  to  allow  one  or  two  tenths  (for  the  heai 
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minerals  even  more)  on  each  side  of  the  observed  value  as  replace- 
ment or  invisible  impurities  may  cause  some  variation.  After 
some  experience  one  can  judge  roughly  by  the  *'heft"  the  ap- 
proximate specific  gravity  of  a  mineral  if  it  is  not  too  small. 
Taking  quartz  (sp.  gr.  2.67)  and  calcite  (sp.  gr.  2.72)  as  standards, 
gypsum  (sp.  gr.  2.3)  feels  light,  while  topaz  (sp.  gr.  3.5)  feels 
heavy  and  barite  (sp.  gr.  4.5),  very  heavy. 

4.  Optical  Tests 

The  determination  of  minerals  by  optical  tests  is  at  present 
limited  to  those  that  are  fairly  transparent  in  thin  slices  or  frag- 
ments. But  many  minerals  which  are  apparently  opaque  become 
transparent  or  translucent  when  thin.  For  many  non-metallic 
minerals  the  optical  determinations  are  easier  to  make  and  more  4 

satisfactory  than  blowpipe  and  chemical  determinations.  Then 
besides,  some  distinctions  which  are  impossible  by  chemical 
methods  are  easy  to  make  with  the  microscope.     For  example,  pit 

the  distinctions  between  quartz  and  chalcedony,  calcite  and  ;    | 

aragonite,  augite  and  hornblende. 

The  author's  method^  for  optical  determinations  consists  of 
reducing  the  mineral  to  coarse  powder  by  pounding  it  on  an  anvil 
rather  than  by  grinding.  The  largest  fragments  that  go  through 
a  100-mesh  sieve  are  examined  in  some  liquid  such  as  oil  of  cloves 
on  the  stage  of  a  polarizing  microscope,  and  the  shape,  color, 
pleochroism,  index  of  refraction,  interference  colors,  extinction, 
elongation,  twinning,  etc.,  are  noted.  The  Becke  test  (see  page 
117)  is  used  for  the  determination  of  the  index  of  refraction.  The 
most  convenient  liquids  are  oil  of  cloves,  n  =  1.53;  bromoform, 
71  =  1.59;  a-monobromnaphthalin,  n=1.66;  and  methjdene  iodid, 
71  =  1.74.  If  permanent  slides  are  desired,  a  solution  of  Canada 
balsam  in  xylol  is  used.  The  xylol  gradually  evaporates,  leav- 
ing the. balsam  (n  =  1.54). 

The  following  outline  will  serve  as  an  introduction  to  the  study 
of  optical  mineralogy: 

1  Scftool  of  Mines  Quarterly,  vol.  27,  pp.  340-359,  1906. 
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Suggested  Outline  of  Slides  to  Illustrate  the  Optical  Properties  of  Minerals 
Form. 

Calamine  crystal.     Measure  angle  and  determine  hOl  face. 

Alunite  crystal. 

Triangular  cleavage  fragments — fluorite. 

Rectangular  cleavage  fragments — anhydrite. 

Rhombic  cleavage  fragments — calcite. 

Prismatic  cleavage  fragments — actinolite. 

Acicular  cleavage  fragments — woUastonite. 

Flat  platy  cleavage  fragments — orthoclase. 

Irregular  fragments — quartz. 
Inclusions. 

Irregularly  arranged — topaz. 

Regularly  arranged — labradorite,  phlogopite. 
Index  of  Refraction  and  Relief. 

High  relief,  n  <  oil  of  cloves — fluorite. 

Low  relief,  n  =  oil  of  cloves — orthoclase. 

High  relief,  n  >  oil  of  cloves — garnet. 
Pleochroism. 

Pink  to  red — erythrite. 

Blue  to  purple — glaucophane. 

Pink  to  pale  green — hypersthene. 
Relief  varies  with  the  direction — calcite. 

(High  relief  when  long  diagonal  of  rhomb  is  parallel  to  the  vibration 

plane  of  the  lower  nicol.) 
Isotropic. 

Amorphous — opal. 

Isometric — fluorite. 
Anisotropic — anhydrite,  quartz,  apatite,  etc. 
Interference  Colors. 

Selenite  wedge — (made  by  shaving  down  a  cleavage  flake  of  gypsum). 

Low-order  colors — apatite. 

Bright  colors — anhydrite. 

High-order  colors — calcite. 
Extinction. 

Parallel — woUastonite,  wavellite . 

Symmetrical — calcite,  dolomite. 

Oblique,  small  extinction  angle — hornblende,  tremolite. 

Oblique,  large  extinction  angle — augite,  diopside. 
Elongation. 

Parallel  to  faster  ray — stilbite. 

Parallel  to  slower  ray — wavellite,  woUastonite. 
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Aggregate  Polarization — chalcedony,  serpentine. 
Optical  Anomalies. 

Isometric  mineral  with  double  refraction — leucite. 
Berlin  blue  interference  color — chlorite. 
Twinning. 

Simple — gypsum. 
Polysynthetic — plagioclase. 
Crossed — ^microcline. 
Interference  Figures, 
tlniaxial  positive. 

Alunite  crystals;  brucite  cleavages. 
Uniaxial  negative. 

Calcite,  basal  parting;  wulfenite,  tabular  crystals. 
Biaxial  positive,  small  axial  angle. 

Chlorite  cleavage. 
Biaxial  positive,  large  axial  angle. 

Topaz  and  heulandite  cleavages. 
Biaxial  negative,  small  axial  angle. 

Biotite,  phlogopite,  and  talc  cleavages. 
Biaxial  negative,  large  axial  angle.  i|j 

Muscovite,  lepidolite,  margarite,  and  cyanite  cleavages. 
Biaxial,  normal  to  optic  axis,  showing  axial  bar. 

Epidote,  (001)  cleavage;  diopside,  (001)  parting. 

Table  5,  in  which  minerals  are  arranged  according  to  the  shape 
of  fragments  and  index  of  refraction  with  respect  to  four  liquids, 
is  used  for  most  minerals.  In  each  division  the  minerals  are 
arranged  according  to  increasing  double  refraction,  isotropic  min- 
erals coming  first. 

For  minerals  with  good  cleavage,  which  do  not  crush  easily, 
the  list  of  cleavable  minerals  just  given  under  the  heading  "inter- 
ference figures''  may  be  used.  Cleavage  flakes  of  at  least  3  mm. 
should  be  examined  in  convergent  polarized  light. 

For  minerals  that  are  soluble  in  water,  the  most  satis- 
factory method  is  to  recrystallize  from  a  saturated  water  solu- 
tion. The  solution  should  not  be  heated,  but  simply  allowed  to 
evaporate  in  the  open  air.  Several  drops  are  placed  on  a  glass 
slip,  and  after  about  fifteen  minutes  the  slide  may  be  examined. 
See    borax    (Fig.    509,  p.  367),    carnallite    (Fig.   434,  p.  303), 


214        INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

m 

epsomite  and  melanterite  (Fig.  523,  p.  377),  halite  (Fig.  427,  p. 
298),  kainite  (Fig.  517,  p.  374),  mirabilite  (Fig.  518,  p.  375),  sal- 
ammoniac  (Fig.  429,  p.  299),  soda-niter  (Fig.  506,  p.  365),  sylvite 
(Fig.  428,  p.  299),  and  trona  (Fig.  498,  p.  350). 

6.  Blowpipe  and  Chemical  Tests 

These  tests  are  valuable  as  confirmatory  tests  and  are  often 
necessary  in  the  case  of  massive  minerals  when  physical  tests  fail. 
Blowpipe  tests  are  satisfactory  for  most  of  the  ordinary  acids  and 
bases.  Among  the  exceptions  are  tests  for  calcium,  magnesium, 
aluminum  (fusible  minerals),  and  phosphates,  wet  tests  being 
necessary  for  the  recognition  of  these  elements.  One  great  ad- 
vantage of  the  blowpipe  tests  over  wet  tests  is  the  difficulty  of 
getting  many  minerals  into  solution. 

As  a  last  resort  it  may  be  necessary  to  make  the  regular  quali- 
tative separations,  and  for  this  reason  an  outline  of  a  qualitative 
scheme,  especially  adapted  to  minerals,  is  given  on  pages  194-5. 

For  a  few  minerals  nothing  short  of  a  quantitative  analysis 
suffices  for  their  determination.  In  some  cases  a  simple  water 
determination  will  locate  a  mineral.  For  example,  a  careful 
water  determination  of  a  zeolite  (the  zeolites  are  very  similar 
chemically)  will  greatly  aid  in  its  identification.  The  Penfield 
method  of  heating  the  mineral  in  a  hard  glass  tube  and  actually 
weighing  the  water  given  off  may  be  employed. 

Table  6  helps  one  determine  a  mineral  by  simple  blowpipe  and 
chemical  tests.  The  main  divisions  are  those  of  the  prominent 
acid  radicals.  The  two  large  divisions  are  (A)  non-metallic 
luster  and  (B)  metallic  luster,  but  if  the  luster  is  in  doubt  it  mj 
be  disregarded,  in  which  case  the  sulfids  of  division  7  must  be 
considered  with  division  8,  and  the  remainder  of  division  7  with 
division  9. 

Blank  forms  similar  to  that  given  on  page  228  are  very  con- 
venient for  reporting  the  results  of  determinations.  The  blank 
space  in  the  upper  right-hand  corner  is  for  sketches  of  crystals, 
crushed  fragments,  etc. 
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TABLE  1 
Minerals  Arranged  According  to  Crystal  System  and  Habi 


p 


215 


1 

TAI 

1 

MiNESALfi  Arranged  Accordikc- 

HoMdWc 

OrthorhomUc 

Paeudtf- 
orthorhombic 

TetragomU 

P8eud< 
te  trace: 

AZtJRITE 

ANGTiRSITE 

BIOTITE 

• 

APOPHYLLITE 

Boumonit 

BIOnXE 

ARSENOPYRITE 

GYPSUM 

Wulfenite 

■• 

CHLORITE 

i  BARITE 

MUSCOVITE 

•' 

COXiEMANlTE 

CALAMINE 

GYPSUM 

CELESTITE 

- 

Tabular 

UEULANDITE 

CERUaSTTE 

Habit 

MUSCOVITE 

ORTHOCLASE 

PHLOGOPITE 

Spodumene 

TITANITE 

Wolframite 

WOLLASTONITE 

Chrysobeiyl 
Columbite 
1  MARCASITE 
OLIVINE 

1 

DATOLITE 

1  ANGLESITE. 

!  sulfur!  aJSi 

JDATOLITE 

APOPHYLLITE 

TITANITE 

T 

CASSITERITE 

CHATiCOPYRITE 

' 

iid 

^H  baB  meUxi 

i  ls^8Yi3  0}  311 

ibi099A  bs^n 

*«tef&** 

Pyramidal 
Habit 

1 
1 

1 

Wulfenite 
ZIRCON 

; 

A 

' 

AUGITE 

ANDALUSITE 

HORNBLENDE 

APOPHYLLITE 

ANDALUS 

Aegirite 

ANGTiERITE 

STILBITE 

CASSITERTTE 

AUGITE 

Borax 

ANHYDRITE 

TITANITE 

RUTILE 

DIOPSIDli 

COLEMANITE 

BARITE 

TREMOLITE 

VESUVIANITE 

NATROLI1 
TOPAZ        \ 

DATOLITE 

CELESTITE 

WERNERITE 

DIOPSIDE 

CERUSSITE 

ZIRCON 

EPIDOTE 

Enargite 

Prismatic 

GYPSUM 

Epsomite 

Habit 

HORNBLENDE 

ORTHOCLASE 

Spodumene 

TITANITE 

TREMOLITE 

MANGANITE 

NATROLITE 

OLIVINE 

STAUROLITE 

STIBNITE 

• 

Vivianite 

TOPAZ 

WOLLASTONITE 

1 

) 
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TABLE  1 

^BDINO  TO  CbTBTAIi  BtVTEU  AND  HaBIT 


Hesaffonal 

1 

Pieudo- 
taesaffonal 

1 
1 
■ 

l>iM   e'  ic 

PMudo- 
ifometric 

1 

jittooiti        1 

Ahmite 

BIOTTTB 

i 

-♦     P    D  • 

1  APOPHYLLTTE 

APATITE 

CHALCOdTE 

i.       .4.  !•» 

'  CALCITE 

BERYL 

CHLORITE 

»■     l.»       'il,» 

CHABAZITE 

Brodte 

Chrsrsobeiyl 

■      (f    . 

Cryolite     , 

GALCTTE 

LEPIDOLITE 

i 

t         '    .     '       f^' 

HEMATITE 

.. 

CORUNDUM 
CkvveDite 

MUSCOVITE 

Cubic 
Habit 

HALITE 

■  QUARTZ 

PHLOGOPTTE 
Polybaeite 

GRAPHITE 

HEMATITE 

PYRRHOTITK 

PYRITE 

ILMENITE 

Stephamte 

1 

Pmaltite 

1 

i  Molybdenite 

1 

! 

Trana 

1 
1 

1 

1 

1 

Sylvite 

1 

" 

CALCITE 

ARAGONTTE 

I 

B(>racite 

CALCITE 

GHABAZITE 

CERU8SITE 

rHROMH  3 

CHALCOPYRITE 

CINNABAR 

Witherite 

I'obnitite 

1 

'  CORUNDUM 

, 

CI'PRITK 

1 

DOLOBHTE 

Diamond 

t 

HEMATITE 

^ 

,  FLUORIT  C 

t 
t 

PkOQstite 

Octahedral 

FranklinitA 

( 

'Pyrargsnite 

Habit 

GALENA 

1 

1  QUARTZ 

1  GOLD 

1 

1 

RHODOCHROSITE 

, 

■  M\GNET  =  rE 

SIDERITE 

1 

'  PYRITE 

1 

Soda  Niter 

1 

SPHALERITE 

" 

SPINEL 

APATITE 

ARAGONITE 

'  Boracite 

BERYL 

HORNBLENDE 

Dodecahedral 

CUPRITI* 

CALCITE 

loKte 

Habit 

GARNET 

1 

CINNABAR 

Strontianite 

MAGNET  TE 

CORUNDUM 
Mimetite 

TREMOLITE 

•A^ 

1 

1 

ANALCITE 

NEPHELITE              ! 

Trapezohedrai 

GARNET 

1  CALCITE 

Proustite 

Habit 

LEUCITl. 

I 

1 

Pyrargyrite 
Pyroniorphite 

\  Boracite 

f 

QUARTZ 

Tetrahedxal 

SPHALERITE 

:  CHALCOPYRITE 

TOURMALINE 

Habit 

TETRAE  GDRITE 

VATia.HinitA                         i 

' 

1 
I 

Pyritohedral 

Cobalttte 

' 

Habit 

1  PYRITE 

1 

■ 
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TABLE  2 

Minerals  Arranged  According  to  Stracture  and  Cleavage 

(Including  Parting) 
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mt 


Ti!         ^ 

Minerals  AmuiccoRDn 

Structubb 

Flbroui 
AdcttUr 

BUule4 

Foliated 
MicaeeoQS 

Mammillary 

Botryoidal 

Stalactitic 

PisoUtic  Oolitic 

Braeite 

STIBNITE 

Braeite 

BAUXITE 

tte 

GYPSUM 

CHLORITE 

^HTTE 

SnBNITB 

GYPSUM 

ISCM 

FTBOLUSITB 

GRAPHITE 

ViTianite 

Molybdenite 

Orpiment 

TALC 

1 

'Taaite 

Finser  Nail 

ARAGONITE 
CALCITE 

BARITE 
BIOTITE 

ARAGONITE 
Azaenic 

ARAGONITE 
BAUXITE 

■^-^ 

AR 
CA] 

AGONITE 
LCITE 

p'!HY 
\7m 

CELESTITE 

Groooite 

LEPIDOUTE 

CALAMINE 

CATidTE 

CUPRITE 
MALACHITE 

CYANTTE 
Gdthite 

Mazcarite 
MUSCOVITE 

CALCITE 
Hydrosindte 

HEMATITE 
LIMONITE 

MANGANITE 
MlUerite 

MANGANITE 
SERPENTINE 

PHLOGOPITE 

MALACHITE 
OPAL 

NATROMTE 

Strcmtiaiute 

SMITHSONITE 

— 

P^toHte 

SERPENTINE 

STILBITE 

WaYelfite 

WOLLASTONITE 

m 

• 

1 

Knife 

ACTINOLITE 

ACTINOLITE 

ALBITE 

CASSITERITE 

CHALCEDONY 

"^ 

^       CTi 

HEMATITE 

BERYL 

HEMATITE 

CHALCEDONY 

I] 

- 

HORNBLENDE 

CYANITE 

HEMATITE 

D 

LIMONITE 

Diaspora 

LIMONITE 

ti 

TOURMALINE 

EPIDOTE 

OPAL 

Ic 

TREMOLITE 

HORNBLENDE 

Hubnerite 

TOURMALINE 

TREMOLITE 

VESUVIANITE 

Wolframite 

Zoisite 

PREHNTTE 
PSILOMELANE 

\ 
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CABLE  2 

julmqvd  Accobding  to 


AXD 

Clbatagb  dnduding  Parting.) 

1            Oaa 
n        diffBCtioa 

Two  dinctiona 
at  right  angles 

Two  directions 
at  oblique  angles 

1 

1 

Bnioite 

(a)  At  right  angles 

CHLORITE 

GRAPHITE 

aylvite 

GYPSUM 

Molybdenite 

(b)  Two  at  right  angles. 

the  third  at  an  oblique 

SmBNITE 

TALC 

Viviaaite 

angle 
GYPSUM 

"S 

APATITE 

• 

(a)  At  oblique  angles 

CALCITE 

APOPHYLUTE 

CALCITE 

FLUORITE 

BIOTITE 

DOLOMITE 

SPHALERITE 

t 

CELESTITE 

RHODOCHROSITE 

<-* 

COLEMANTTE 

SIDERITE 

CYANITE 

(b)  At  right  angles 

LEPIDOLTTE 

Maisuite 

ANHYDRITE 

. 

MUSOovrrE 

PHIiOGOPITE 

CiyoUte 
GALENA 

- 

HALITE 

(o)  Two  at  right  angles, 
the  third  at  an  oblique 
angle 
BARITE 
CELESTITE 

nONt 

C5YANITK 

ALBITE 

ACTINOLITE 

CORUNDUM 

Diapsore 

AUGITE 

AmblsTgonite 

MAGNETITE 

DIOPSIDB 

DIOPSIDE 

Enaigite 

WERNERITE 

EPIDOTE 

LABRADORITE 

HORNBLENDE 

Gothite 

MICROCLINE 

TITANrrE 

HEMATITE 

OLIGOCLASE 

TREMOUTE 

Spodumene 

ORTHOCLASE 

TOPAZ 

RHODONITE 

Wolframite 

Spodumene 

WERNERITE 

• 
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TABLE  3 
Minerals  Arranged  According  to  Color. — Non-metallic 


TNE 


ar 


TABLE  3.    MiNBBALB  Abban 


Red  (or  pink) 

Sp. 

ST. 

TeUow 

Sp. 

ST. 

Green 

3p. 

Blue 

lAumontite 

2.3 

SULFUR 

2.0 

Gamierite 

2.6 

Ciudcanthite 

BAUXITE 

2.5 

GYPSUM 

2.3 

Vivianite 

2.6 

ViTianite 

Erythrite 

2.ir 

Orpiment 

3.4 

TALC 

2.7 

Reftlgar 

3.5 

CHLORITE 

2.7 

HEMATITE 

5.2 

Cemigyiite 

5.5 

Finger  Nmil 

2.1 

OHABAZITE 

Copiapite 

2.1 

CHRYSOCOLLA 

2.1 

Allophane 

:jalcite 

2.7 

OPAL 

2.1 

OPAL 

2.1 

CHRYSOCOIi 

DOT.OMITK 

2.8 

SERPENTINE 

2.5 

Wavelfite 

2.3 

Chalcaathite 

TiEPIDOLITE 

2.8 

CALCITE 

2.7 

SERPENTINE 

2.5 

Laiuiite 

~.aTgarite 

3.0 

ARAOONITE 

2.9 

BfUSCOVITE 

2.9 

LEPIDOLlTt 

'IJORITE 

^VriTE 

3.2 

FLUORITE 

3.2 

FLUORITE 

3.2 

FLUORITE 

3.2 

TITANITE 

3.6 

APATITE 

3.2 

CYANITE 

tODOCHROSITE 

3.5 

LIMONITE 

3.8 

Atacamite  "r 

3.7 

AZURITE 

;     SALERITE 

4.0 

SPHALERITE 

4.0 

Broohantite  f 

3.9 

CELESTITE 

^    ifiMATITE 
^  Jmoite 

5.2 

8MTTHSONITB 

4.4 

MALACHITE  ^ 

3.9 

5.5 

BARITE 

4.6 

Olivenite 

4.3 

^  rouBtite 

5.6 

Stabioonite 

5.2 

SMITHSONITE 

4.4 

UPRITE 

6.0 

ftoheeHte 

6.0 

Pyiomoiphite 

6.8 

Voooite 

6.0 

Wulfenite 

6.7 

Tulfenite 

6.7 

Biimetite 

7.2 

inadinite 

6.8 

lSAR 

8.0 
2.6 

2.1 

2.1 

Jioe 

aae 

OPAL 

OPAL 

Sodalite 

JARTZ 

2.6 

QUARTZ 

2.6 

MICROCLINE 

2.6 

loHte 

HALCEDONY 

2.6 

CHALCEDONY 

2.6 

QUARTZ 

2.6 

QUARTZ 

ATERNERITE 

2.7 

BERYL 

2.7 

CHALCEDONY 

2.6 

CHALCKDO.N 

Tiliondrodiie 

3.1 

Chandrodite 

3.1 

OLIGOCLASE 

2.6 

BERYL 

t\ourmaline 

3.1 

VESUVIANITE 

3.4 

BERYL 

2.7 

Turqaoifl 

aWdalusite 

3.2 

TOPAZ 

3.5 

Torquoie 

2.7 

TOURMAT.l^ 

Ri  ODONITE 

3.5 

WILLEMITE 

4.1 

PREHNITE 

2.9 

Glauoopham. 

,    SKtNEL 

3.6 

DATOUTE 

2.9 

CYANITE 

GARNET 

4.0 

ACTINOLITE 

3.1 

CORUNDU.f 

[    CORUNDUM 

4.0 

HORNBLENDE 

3.2 

•    WITiLEMITE 

4.1 

TOURMALINE 

3.1 

'    RUTIT.E 

4.2 

DIOPSIDE 

3.2 

1 

AUGITE 

OLIVINE 

EPIDOTE 

3.3 
3.3 
3.4 

1 

t 

VESUVIANITE 

CYANITE 

Chfyeobexyl 

3.4 
3.6 

3.7 

^\ 

• 

GARNET 
WILLEMITE 

4.0 
4.1 

^' 

V 

* 

.^^ 

Cn 

^ 

* 

kCCOBDINO  TO  COLOK. — NON-MBTAtUC 


,    White,  colorleag    ' 
or  nearly  so        i 

**• 

Gray 

3p. 

Brown 

Sp. 

Black 

ir. 

Mirabilite 

1.5 

GYPSUM 

2.3 

BAUXITE 

2.5 

GRAPHITE 

2.1 

Sal-Ammoniac 

1.5 

Cerargyrite 

5.5 

PHLOGOPITE 

2.^ 

WAD 

3.0 

Utozite 

1.6 

WAD 

3.0 

PYROLUSITE 

4.8 

Bpeomite 

1.7 

LIMONITE 

3.8 

Borax 

1.7 

• 

Sylvite 

2.0 

Sepiolite 

2.0 

GYPSUM 

2.3 

Soda  Niter 

2.3 

BRUCITE 

2.4 

Laumontite 

2.3 

4 

BAUXITE 

2.5 

TALC 

2.7 

PYROPHYLLITE 

2.8 

2.7 

2.1 

CALCITE 

OPAL 

SERPENTINE 

2.5 

DOLOMITE 

2.8 

STILBITE 

2.2 

CALCITE 

2.7 

ANHYDRITE 

2.9 

HEULANDITE 

2.2 

BIOTITE 

2.9 

Ankerite 

3.0 

SERPENTINE 

2.5 

WAD 

3.0 

TREMOLITE 

3.0 

CALCITE 

2.7 

4.0 

Triphylite 

3.5 

PHLOGOPITE 

2.8 

^HALERITE 

4.0 

SIDERITE 

3.8 

BIOTITE 

2.9 

MANGANITE 

4.3 

Witherite 

4.3 

WAD 

3.0 

Pyrafgyrite 

5.8 

Too  numerous    to 

SMITHBONITE 

4.4 

APATITE 

3.2 

Melaconite 

5.9 

mention 

Scheelite 

6.0 

TITANITE 

3.5 

ANOLF.81TE 

6.2 

T.TMONITE 
SIDERITE 
SPHALEBITE 

3.8 
3.9 
4.0 

2.1 

2.6 

G6thite 

BARITE 

Monasite 

Pyromorphite 

Vanadinite 

4.2 
4.3 
4.5 
5.1 
6.8 
6.8 

2.1 

OPAL 

QUARTZ 

OPAL 

QUAJB.TZ , 

rrl 

LEUCITE 

2.5-^ 

CHALCEDONY 

2.6 

QUARTZ 

2.6 

CHALCEDONY 

2.e 

3.2 
3.1 

ALBITB 

2.6 

ORTHOCLASE 

2.6 

CHALCEDONY 

2.6 

TOUEMALTNE 

ORTHOCLASE 

2.6 

ALBITE 

2.6 

HORNBLENDE 

3.1 

GlaUOOpkanA 

mCROCLINE 

2.6 

OUGOCLASE 

2.6 

TOURMALINE 

3.1 

HORNBLENDE) 

iOLIGOCLAnFi 

2.6 

NEPHELTTE 

2.6 

Chondrodite 

3.1 

AUGITE 

3.3 

QUARTZ 

2.6 

LABRADORITE 

2.7 

Sillimanite 

3.2 

Aegirite 

3.6 

CHALCEDONY 

2.6 

WERNERITE 

2.7 

ENSTATITE 

3.3 

SPINEL 

3.fl 

NEPHKLITE 

2.6 

TREMOLITE 

3.0 

Diallage 

3.3 

GARNET 

3.8 

TERYL 

2.7 

Spodumene 

3.1 

Axinite 

3.3 

LIMONITE 

3.8 

LABRADORITE 

2.7 

Lawsonite 

3.1 

VESUVIANITE 
STAUROLITE   ^ 

3.4 

AUaqite 

3.fi 

WERNERITE 

2.7 

ANDALUSITE 

3.2 

3.7 

PSILOMELANE 

4.2 

Bo'.aeite 

2.9 

SUfimanite 

3.2 

LIMONITE 

3.8 

RUTILE 

4.2 

DATOLITE 

2.9 

Zoudte 

3.3 

CORUNDUM 

4.0 

Columbite 

5.Q 

PREHNITE 

2.9 

CORUNDUM 

4.0 

GARNET 

4.0 

CASSITERITE 

7.C 

AmblyKonite 

3.0 

RUTILE 

4.2 

TREMOLITE 

3.0 

ZIRCON 

4.7 

Lawsonite 

3.1 

CASHITERITE 

7.0 

" 

ANDALUSITE 

3.1 

Sp  ydumene 

3.2 

DIOPSIDE 

3.2 

' 

Diaspore 

3.4 

TOPAZ 

3.5 

(Continaer' 

Diamond 

3.5 

1 
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TABLE  3.— Continued. 
Minerals  Arbanoed  Accobdino  to  Color. — ^Metallic 


Metallic.  Uack 

^..                 

Metallic 

gm 

MetalUc 

*<           --  - 

to  dark  gray 

Sp.  gr. 

white  to  licht  gray 

Sp.  gr. 

brass  bronze*  red 

Sp.  gr. 

RAPHITE 

2.1 

STIBNITB 

4.6 

Bismuth 

9.8  • 

nBNITB 

4.5 

Molybdenite 

4.7 

blybdenite 

4.7 

Biamuthimte 

6.4 

mOLUSITE 

4.8 

Sylyanite 

8.0 

kmesonite 

5.7 

Biamuth 

9.8 

>]ybasite 

6.1 

Mercury 

13.6 

unmithinite 

6.4 

"" 

rgentite 

7.8 

car  Hail 

4.0 

Arsenic 

5.7 

OHALOOPYRITE 

>HAL£B 

JTE 

4.2 

abandite 

4.0 

Antimony 

6.6 

Stannite 

4.5 

ANGAI41TE 

.4.3 

Iron 

7.5 

PYRRHOTITE 

4.6 

largite 

4.4 

Bismuth 

9.8 

BORNITE 

5.2 

annite 

4.5 

SILVER 

10.5 

Millnrite 

5.6 

BTRAUEDRITE 

4.7 

Platinum 

15  to 

CUPRITE 

6.0 

IAT£IOCITE 

5.7 

19 

Niocolite 

7.5 

)iimonite 

5.8 

COPPER 

8.8 

daconite 

6.8 

Calayerite 

9.0 

Targsmte 

5.8 

Bismuth 

9.8 

ephanite 

6.2 

GOT.D 

15  to 
19 

*< 

^" 

fe 

HONITE 

3.8 

ARSENOPYRITE 

6.0 

MARCASITE 

4.9 

anite 

3.9 

Rmaltite 

6.2 

PYRITE 

5.0 

ILOWTELANE 

U.2 

Ldllingite 

7.1 

Cobaltite 

6.1 

ITILE 

4.2 

ROMITE 

.4.4 

ilENITE 

4.7 

lGNETITB 

5.1 

inklinite 

6.1 

5MATITE 

5.2 

vmbite 

5.6 

SSITERXTE 

7.0 

tlframite 

7.4 

ininite 

9.0 

0 
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BLANK  FORM  FOR  REPORTING  MINERALS 

Date No Name 

Form 

Cleavoffe  

Lusler  and  Color 

Hardness 

Streak. 

Spec.  Grav 

Other  characters 

Associates. Mineral  suspected 

Optical  characters  of  crushed  fragments  and  deavages 

Fusibility  

Flame  coloration  „ 

Closed  tube  

Open  tube 

On  co^  alone ^ 

On  coal  with  soda 

Borax  head. 


NaPO^  head 
Solubility 


Wet  tests 


Miscellaneous  tests 


Division  in  scheme 


Summary  of  important  characters 

\ Mineral- 
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TABLE  « 
lOncnla  Arranged  AccordJng  to  Spedflc  GraTity 


I 


TABLE  4.    MiNEBALs  Abba»|di( 

iTO  S 

1.5 

2.6 

3.2                            p 

MirabiHte 

ALBITE 

APATITE           L 

fite 

Sal-ammoniao 

Alunite 

DIOPSIDE         ElDUM 

CHALCEDONY 

FLUORITE       isET 

1.6 

loHte 

HORNBTiENdA 

LEBII 

Camallite 

Kaolinite 

Sillimanite          1 

■■••■  *t 

Ulezite 

MICROCLINE 

ORTUOCLASE 

3.3                            lu 

iEMIT 

1.7 

NEPHELITE 

AUGITE              r 

■■■•'**  A  t 

Borax 

OLIGOCLASE 

Aadnite                 1 

Epeomite 

QUARTZ 

ENSTATITE        y^ 

WOYS 

Vivianite 

OLIVINE             ii 

-OMF.T 

1.9 

Zoiflite                 ^  lTILP.  ~ 

Allophane 

2.7 

* 

Melanterite 

BERYL 

3.4 

CALCITE 

CALAMINE        I 

intA 

2.0 

LABRADORITE 

Diaapore               Lqj^jj 

SepioHte 

Pectolite 

EPIDOTK              ^«,u. 

SULFUR 

TALC 

HjrperBthene 

Sylvite 

Turquoifl 
WERNERITE 

VKSUVIANITE- 

^^**w3' 

2.1 

3.5 

CHABAZlTJji 

2.8 

Aegirite 

CHRYSOCOLLA 

CHLORITE 

Diamond 

Ck>piapite 

DOLOMITE 

Orpiment 

GRAPHITB 

-    LEPIDOLITE 

Realgar 

HATJTE 

MUSCOVITE 

RHODOCHR08I%Ti,^ 

Hydromagneedte 

Pyrophyllite 

TITANITE     - 

Kainite 

PHLOGOPITE 

TOPAZ 

OPAL 

WOLLASTONITE 

TriphyHte 

**J4,' 

STILBITE 

1 

TRONA 

2.9 

3.6 

ANHYDRITE 

CYANITE 

2.2 

ARAGONITE 

GARNET 

ANALCITE 

BIOTITE 

RHODONITE 

Chalcantliite 

Boraoite 

SPINEL 

HEULANDITE 

Erythiite 

ILW 

NATROLITE 

DATOLITK 

3.7 

PREHNITE 

Atacamite 

2.3 

Chrysoberyl 

APOPHYLUTE 

3.0 

Hydrosincite 

k 

GYPSUM 

Amblygonite 

STAUROLITE 

b^ 

lAumoQtite 

Ankerite 

Strontianite 

SodaHte 

Cryolite 

■} 

SodarNiter 

Margarite 

3.8 

i( 

WavelUte 

TREMOUTE 

AZURTTE 

•■< 

WAD 

GARNET 

^ 

2.4 

LIMONITK 

1 

Brucite 

3.1 

SIDERIT£ 

* 

COLEMANITE 

ANDALUSITE 

y\ 

Lasurite 

.  ACTINOLITE 

3.9 

^ 
I 

• 

Chondrodite 

Allanite 

I 

2.5 

Glauoophane 

Broehantite 

• 
• 

BAUXITE 

Lawsonite 

CELESTITE 

Garnierite 

MAGNE8ITE 

MALACHITE 

LKUCITE   ' 

Spodumene 

1 

SERPENTINE 

TOURMALINE 

• 
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i  TO   Specific  Gravity 


5.2 

6.8 

lite 

HEIIATITE 

Pyromorphite 

71>UM 

StibiooDite 

Vanadinite 

ET 

.EltlTE 

5.3 

6.9 

s.-^ 

7.0 

EMITE 

5.5 

CASSITERITE 

CefMlgyrite 

7.1 

XJOPYRITE 

Millerite 

L&Ilinsite 

OMELANK 

Zincite 

IT.E 

7.2 

5.6 

Hubnerite 

Columbite 

Mimetite 

ite 

Proustite 

JGANITE 

7.3 

enite 

5.7 

Argentite 

derite 

Araenio 

CHALCOCITE 

7.4 

Jameeonite 

Niccolite 

ROM  ITE 

• 

Wolframite 

u-gite 

5.8 

ITHSONITE 

Boumonite 

7.5 

Pyrargyrite 

GAT.ENA 

Melaconite 

Iron 

^RITE 

annite 

5.9 

8.0 

riBNITE 

CINNABAR 

6.0 

Sylvanite 

ARSENOPYRITE 

ovellite 

CUPRITE 

8.8 

'YKRHOTITE 

Crocoite 

Calaverite 

;iRCON 

Soheelite 

COPPER 

6.1 

9.0 

[LMENITE 

Cobaltite 

Uraninite 

Molybdenite 

Polybasite 

TETRAHEDRITE 

9.8 

6.2 

Bismuth 

\ 

Smaltite 

PYROLUSITE 

1 
1 

Stephanite 

10.5 

SILVER 

^ 

6.3 

MARCASITE 

ANGLESITE 

13.6 

Mercury 

.0 

6.4 

PYBITE 

BiRTnuthinite 

15 

to 

i.l 

6.5 

19 

BORNITE 

CERU8RITE 

GOLD 

Franklinite 

MAGNETITE 

6.6 

Platinum 

Monazite 

Antimony 

6.7 

Wttlfenite 

/ 
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HDnerals  Airangsd  According  to  Optical  Tests 


TABLE  5.    Minerals  Abbangid 


Triangular 


V 


Fio.  388. 


Ractungntor 


Ltl 


o 


Fia.  389. 


Rhombic 


O 


Fig.  390. 


n  >Oil  of  Clovw 

Iflotropio 

FLUORITE 

1 

^  • 

- 

Cryolite 

CHABAZITE 

Isotropic 

Alunite 

APOPHYLLITK 

w  >Oil  of  CloTes 
n<  Bromofonn 

• 

ANHYDRITE 

« 

Isotropic 

• 

w  >Bromofonn 

n<  a-Monobrom-napl 

ithalin 

BARITE 
CFJ-ESTITE 

• 

BARITE 

CELESTTTE 

1 
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>  According  to  Optical  Tests 


^ 


PrimiAtic 


Fio.  391. 


Fxo.  392. 


PUty  (not  previ- 
ously included) 


Imgalar 


Fig.  394. 


STILBITE 

HEX7LANDITE 

Hydromiign  write 

GYPSUM 

Loomontite 

NATROLITE 


Ulexite 

GYPSUM 

NATROLITE 


HEULANDITE 

ORTHOCLASE 

MICROCLINE 

ALBITE 

GYPSUM 


Allophane 

ANALCITE 

Lftsurite 

LEUCITE 

OPAL 

Sodalite 


LEUiaTE 
Cryolite 
Sepio  ite 
CHALCEDONY  i 


I 

L 


• 

Brudte 

1 

NEPHET.TTE 

Brudte 

CHLORITE 

CHRYSOCOLLA. 

Wavellite 

SERPENTINE 

PHLOGOPITE 

CHLORITE 

WERNERITE 

Wavellite 

TALC 

LEPIDOLITE 

OLIGOCLASE 

LABRADORITE 

Amblygonite 

Gamierite 

NEPHELITE 

CHALCEDONY 

BERYL 

loUte 

SERPENTINE 

ARAGONITE 

QUARTZ 
Alunite 

BIOTITE 

' 

WOLLASTONITE 

WOLLASTONITE 

MUSCOVITE 

APATITE             i 
Turquois                 i 
BARITE               ', 

Glaucophane 

TREMOLITE 

Margarite 

Pyrophyllite 

PeotoUte 

TOPAZ 

CALAMINE 

ACTINOLITE 

CALAMINE 

CELESTITE          ' 

TOURMALINE 

COLEMANITE 

TOPAZ 

TREMOLITB 

ANDALUSITE 

PREHNITB 

TOURMALINE      ' 

Vivianite 

Chondrodite 

ANDALUSITE 

PREHNITB 

ACTINOLITE 

DATOLITE 
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(Continue^ 


Table  6. — Coattnued 
Hltierals  Arranged  Acceding  to  Optical  Tests 


TABLE  5,— Continued,    Minbrai 


TrUngttltr 


Rectangular 


Rho 


Iflotropio 


n  >  a-Monobiom-naphtfaalln 
n  <  Methylene  lodid 


CALC5ITE 
DOLOMITI 
Ankerite 
MAGNESII 


iBotropio 


SPHALERITE 
Diamond 


>MethyIene  lodid 


Alabandite 


RHODOCHR' 

SIDERITE 

SMITHSONIl 


238 


WNOED   ACCOBDHJQ   TO 

Optical  Tests 

{          PiliBatk 

Adcnlar 

PtatT  (not  proTi-              i__-_i,. 

Bondto 
SPINEL 

StiUeomte 

ZtBBte 
EN8TATITB 

RHODONITE 
CYANITE 

HORNBLENDE 

AUOITE 

DI0P3IDE 

Duqiore 

EiTthrite 

StnmliwiiM 

mOKiUm 

HubMrita 

CYANITE 

Diupora 

•MphyUW 

VE8UVIANITE 

AxlnJte 

STAOROLTTE 
WILLEMITB 
OLIVINE 
AIUnJtB 

* 

GARNET 

HEMATITE 
UHONITE 
SPHALERITE 

SPINEL 

E 

Zindto 
Abuunite 

EPIDOTE 

Aegirito 

LIMONITE 

aatiuw 

CERUSaiTE 

COHUNDUM 

Zindto 

Solieelile 

Hiinirtito 

ANOLESITE 

R«]s>r 

EPIDOTE 

ZIRCON 

CASSITEHrrS 
CERDSSITB 
CINNABAR 
Prou«Ute 

SULFUR 

WuKenite 

AZURITE 

TITANITE 

RUTILE 

> 

V 


> 


's-  On 
irefixlly 
I  in  the 


filtered 


-         TABLE  e 
MineraU  Arranged  According  to  Blowpi^     and  Chemica 
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TABLE  6.    Minerals  Abbanoed  Accos 


A.  MIHERALS  WITH   1 


on  z — Caxbonates. 

mineral  efferveeces  with  HCl  either  in  the  cold  or  upon  heating.  Note  1.  Calcite  is 
imon  impurity  in  other  minerals  eepeoially  gypsum,  apatite,  and  woUastonite.  Note 
3me  Bulfids,  6.o„  sphalerite,  efFervesoe  in  HCl  also.  The  gas  evolved,  however,  is 
HX)gnised  by  its  odor. 


ineral  is  heated  in  the 
(  tube. 


The  minerals  with  z  opposite 
name  give  water  in  the  closed 
tube. 


Fusibifity 


ims  dark  on  heating  in  the  closed  tube. 


rns     yellow  on  heating  in   the   closed 


/ 


(c.)  No  decided  oolor  change  on  heating. 


3 

MALACHITE 

Cu 

z 

3 

AZUBITE 

Cu 

z 

5 

SIDERITE 

Fe 

7 

RHODOCHROSITE 

Mn 

7 

Ankerite 

CaMgF 

1* 

CERUSSITE 

Pb 

7 

SMITHSONITE 

Zn 

7 

Hydxosincite 

Zn 

X 

7 

CALCITE 

Ca 

7 

ARAGONITE 

Ca 

7 

DOLOMITE 

CaMg 

3 

YTitherite 

Ba 

, 

7 

Strontianite 

Sr 

7 

MAGNESITE 

Mg 

7 

Hydromagnesite 

Mg 

X 

u 

Trona 

Na 

X 

Division  2 — Sulfates. 

A  water  solution  of  the  soda  fusion  gives  a  white  ppt.  with  BaClt,  whieh  is  insoluble  in 
HCl.  Note  1.  It  b  always  necessary  to  add  HCl  to  prove  the  presence  of  a  sulfate  for 
the  excess  of  NasCOs  always  gives  a  ppt.  of  BaCOi.  NoU  2.  A  water  solution  of  the  fusion 
is  taken. 


(a.)  Soluble  in  water  (decided  taste). 


1 

Epsomite 

Mg 

X 

1 

Melanterite 

Fe" 

X 

u 

MirabiUte 

Na 

X 

2 

Kainite 

KMga 

X 

3 

Ghalcanthite 

Cu 

X 

5 

Copiapite 

Fe"' 

X 
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ro  Blowpipb  akd  Chiiiucai<  Txan 
BTALIC  LUSTER 


lohibla  lu  HQ. 

n 

OYPSDM 

Ca 

, 

AJJHYDBITE 

Cm 

Si 

Cu 

7 

Ahmlte 

EtJ 

« 

luohibloinHCL 

4 

BARITE 

B* 

lydrite  li  lotubla  witli  difflmHy.) 

4 

CBLESTITE 

8i 

2* 
SI 

AN0LE8ITB 
ANHYDRITE 

Pb 
Ca 

UMhibla  in  NaPOt  bouL  Ccofinn  by  dtoolrliic  kxU  hujoo  In  dibte  HNO,.  On 
ponUnt  tb«  Khidoii,  gaUtinoiu  riUoi  atptnUm,  The  lUiea  U  dahydntod  by  BaretuDy 
tins  to  cbyiMMk  DUuta  HCl  la  addad.  SUioa  la  filterad  oS.  Tb  msMli  an  in  Iba 
Bta  and  may  b«  tasMd  for  by  ths  aebama  oa  pace . 


S 

DATOLITB 

CaB 

X 

2i 

NATBOUTE 

NaAl 

2* 

BtM 

2* 

AlknlM 

AlFaCaCa 

8i 

tuurito 

NaAlS 

SodaKta 

NaAKn 

NEFHELITE 

NaAi 

ZdUd 

CALAMINE 

Zn 

OUVINB 

MgFa 

Al 

UkF 

WILLEMITE 

Zn 

~ 

^eoompoMd  by  Hd  wiUMUt  idatin^ 

APOPHYLLITE 

KCa 

FKEHNTTE 

CaAl 

2i 

PaotoHta 

CaNa 

CHABAZTTE 

CaNaAl 

STILBITE 

CaNaAl 

HGULANDITE 

CaNaAl 

ANAW3ITE 

NaAl 

WERNERITE 

CaAlNaa 

WOLLASTONITE 

Ca 

TITAHITE 

CaTi 

41 

LABRADORTTE 

CaAlHa 

BERFEBTINE 

MfJ. 

BsploUMi 

BI« 

CHRYSOCOLLA 

Cu 

aanieriU 

NIJU 

LEDCITE 

KAl 

w 


.J.J'fK 


i 


1.     .\> 


TABLE  6.— Continued 
Minerals  Arranged  According  to  Blowpipe  and  Chemical  Tests 
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TABLE  6. — Continued,    Minerals  ArrangAccob 


a*C( 


A.  miherals  with  nob^au 


Division  3 — Silicates — Contintied 


FusibiUty 


c.  Insoluble  (or  nearly    80)  in  HCl. 

2 

T^EPIDOLITE 

LiKAl         1 

*Mean8  soluble  in  HCl  after  fusion  (alone,  not 

2i 

PREHNITE 

CaAl           • 

with  NasCOs). 

2* 

Azinite 

CaAlB 

:  3 

♦GARNET 

AIFeClaMg  | . 

3 

Glauoophane 

NaAlMgFe ; 

3 

Aesirite 

FeNa         i 

3 

♦VESUVIANITE 

CaAl            1 

3 

WERNERITE 

CaNaAia  , 

3i 

RHODONITE 

Mn 

3i 

Spodumene 

LiAl            1 

Zk 

TOURMALINE 

MgAlB 

3i 

♦EPIDOTB 

CaAIFe        I 

3i 

Zoisite 

CaAl             X 

4 

TITANITE 

CJaTi 

1     4 

TKEMOLITE 

CaMg 

r    4 

ACTINOLITE 

CaMsFe      ' 

I     3* 

HORNBTiKNDE 

AlCaMgFe  , 

!   4 

DIOPSIDE 

CaMsFe 

4 

AUGITB 

AlCaMgFe  J 

'     4i 

ALBITE 

NaAl 

;  4* 

OT.TGOCLASE 

NaCaAl      1 

i     4i 

LABRADORITE 

CaNaAl       I  . 

4i 

PHLOGOPITE 

MgFeAlK    i  » 

4* 

Margarite 

CaAl              » 

5 

MUSCOVITE 

KAl             1  » 

5 

BIOTITE 

FeKAl           X 

5 

ORTUOCLASE 

KAl 

5 

MICROCLINE 

KAl 

5 

Hypersthene 

MgFe           ' 

5 

♦TOURMALINE 

FeAlB 

6i 

TALC 

Mg                 > 

5i 

CJHLORITE 

AlMirFe         1 

!     5i 

BERYL 

BeAl 

6 

ENSTATITE 

Mg 

• 

7 

CYANITE 

Al 

7 

Eaolinite 

Al                   5 

7 

QUARTZ 

1 

7 

CHALCEDONY 

7 

OPAL 

Infusible  • 

7 

TOPAZ 

AlF 

7 

STAUROLITE 

AlFeMs 

'^7 

ANDALUSITE 

Al 

7 

Sillimaaite 

Al 

7 

PYROPHYLLITE 

Al 

• 

7 

1 

Zircon 

Zr 
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CORDING  TO  Blowpipe  and  Chemical  Tests 


ALLIC  LnST£R.-<7o«i<t»«e(l 


Division  4 — Phosphates  and  Arsenates. — ^The  HNOt  solution  of  the  soda  fusion  gives  a 
yellow  ppt.  with  (NH4)2Mo04  (with  phosphates  on  gentle  heating  and  with  arsenates  on 
boiling.) 

Fusibifity 


2* 

Vivianite 

FeP 

X 

2* 

Triphylite 

FeLiMnP 

X 

2* 

Olivenite 

CuAs 

X 

7 

Turquois 

AlCuP 

X 

7 

WaveUite 

AlP 

X 

• 

2 

Amblygonite 

LiAlP 

X 

2 

Pyromorphite 

PbPCl 

U 

Mimetite 

PbAsGl 

6* 

APATITE 

CaPCl 

2i 

Eiythrite 

GoAs 

X 

7 

Monasite 

CeTiftDiP 

TXi-^^S^^    m        r>U«^«..A^.     ■Vt^—.^A^*^^      ^^A   W^1_VJ 

I^A..^ 

The  NaPOs  bead  in  R.  F.  is  bright  green.     (Note  other  colors  for  future  use.) 


a.  The  NaPOs  bead  in  0.  F.  is  green. 

7 

CHROMTTE 
Ooeoite 

FeCr 
PbCr 

h.  The  NaPOs  bead  in     0.  F.  is  yellow 

H 

Vanadinite 

PbClV 

c.  The  NaPOs  bead  in  0.  F.  is  colorless. 

2 

Wulfenite 

PbMo 

Division  6.— Chlorids. 

The  NaPOs  bead  saturated  with  ChiO  (or  malachite)  gives  a  blue  flame  when  heated 
with  the  mineral. 


a.  Soluble  in  water  (decided  taste). 

• 

HALITE 
Sylvite 
Sal-ammoniac 
Camallite 

Na 
K 

NH4 
KMg 

X 

h.  Insoluble  in  water. 

1 
2 
3i 

Cerarygyiite 

Ataoamite 

Boradte 

Ag 
Cu 
MgB 

X 
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(Continued.) 
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TABI^  6.— Coatlnued 
Hinenis  Arranged  According  to  Kowpipe  and  Chemical  TestB 


TABLE  6. — Continued,  JM]^^^^^j*^Arbjlv 


A.  MniERALS  WITH  HOH-METALIC  LUSTER— oofUtnued 

Division  7 — Not  preyiottsly  Included. 
Mostly  oxida  and  hydroxids,  a  few  sulfida,  borates,  etc. 

FuaibiKty 

Division  8— Sulfids  and 

The  soda  fusion  made  on 

stains  a  moistened  silv 

(a)  On  charcoal  R.F.  gives 
a  garlic  odor  (AS) 

1 
1 

1 

Realgar 

Orpiment 

Proustite 

AflS 
AflS 

AsAgS 

X 
X 

X 
X 

X 
X 
X 

X 
X 

X 

(Bulfids  from  previous  dii 
tite,  sphalerite,  and  cinn 

Fusil 

(a)  On  charcoal  R.F. 
gives  a  garlic  odor 
(As) 

(&)  On     charcoal     gives 
dense  white  fumes  (Sb) 
and  white  coating 

7 

Stibiconite 

Sb 

2 

2 
1 

(c)  On      charcoal     R.F. 
gives  magnetic  residue 
(Fe) 

5i 
6* 

HEMATITE 

TiTMONITE 

Qoethite 

Fe 
Fe 
Fe 

(&)  On  charcoal  gives 
white  coating  near 
assay     and     dense 
white  fumes  (Sb) 

(d)  On      charcoal      R.F. 
gives    metallic   globules 
but  no  magnetic  residue 

3 
3 

7 

CUPRITE 
Melaconite 
GASSITERITE 

Cu 

Gu 
Sn 

(e)  Borax  bead  tests  for 
Mn. 

WAD 

PYROLUSITE 

PSILOMELANE 

Hubnerite 

Zincite 

Mn 

Mn 

Mn 

MnW 

ZnMn 

(c)  On  charcoal  R.F. 
gives  a  magnetic  resi- 
due 

1 
3 

3 

3 

2 

2t 
1 

(/)  Fusible  minerals,  not 
previously  included 

2 
3 
5 
5 

SULFUR 

Niter 

Soda  Niter  • 

CINNABAR 

Borax 

Ulezite 

COLEMANITE 

Cryolite 

Boradte 

FLUORITE 

SPHALERITE 

Scheelite 

S 

KN 

NaN 

HgS 

NaB 

CaNaB 

CaB 

NaAlF 

MgClB 

CaF 

ZnR 

CaW 

1 
2 
5 

(<0  On  charcoal  R.F. 
gives  metallio  glob- 
ules,  but  no  mag- 
netic residue 

2 

1] 
2 

2 

1 

1 

1 

1  (a)  Infusible       minerals, 
not  previously  included 

7 
7 
7 
7 
7 
7 
7 
7 
7 

CORUNDUM 

SPINEL 

Chrysoberyl 

BAUXITE 

Diaspore 

RUTILE 

GASSITERITE 

Brueite 

Diamond 

Al 

MgAl 

BeAl 

Al 

Al 

Ti 

Sn 

Mg 

C 

(e)  Borax  bead  test 
for  Mn. 

3 

(/.  0)  Not  previously 
included  ' 

7 
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LisicCORDING  TO   BlOWPIPB  AND   ChEMICAIj  TeSTS 


I  MnVERALS  WITH  METALIC  (OR  SUB-METALLIC)  LUSTER. 

oiiHsaltB. 

jtspr  platinum  foil)  with  0.  F. 

if- 

jr«re  realgar,  orpiment,  prous- 

Division  9 — ^Rot  preyiously  included. 
Mostly  oxids  hydrozids,  and  metala. 

Fusibifity 

;  J 
k 

4 

1 

X.SEN0PYH1TE 

ibaltite 

largite 

FeAs 
CoAs 
CuAa 

(a)  Oneharooal  R.F.  gives 
garlic  odor  (As). 

1 

2k 
2 
2 

Arsenic 
Smaltite 
Niccolite 
Lollingite 

As 

CoNiAs 

NlAs 

FeAs 

^TTJMTTTO 

Sb 

CuSb 

CuPbSb 

PbSb 

AgSb 

AgSb 

AgOuSb 

ETRAHEDRITE 
'  (oumonita 

*v 

'  ameaonite 
yrargyrite 
tephanite 
olybasite 

(6)  On  oharooal  giyes  dense 
white  fumes. 

1 

Antimony 

Sb 

(c)  Oneharooal  RF. gives 
magnetio  residue. 

6i 

6* 

6i 

7 

7 

7 

4 

2* 

HEMATITE 

LIMONITE 

MAGNETITE 

Iron 

ILMENITE 

Franklinite 

Wolframite 

AUanite 

Fe 

Fe 

Fe 

Fe 

FeTi 

FeMnZn 

FeMnW 

AIFeCaCe     - 

r.  YRITE 
ARCASITE 

'  YRRHOTITE 
PALCOPYRITE 

nw  MTTl?. 

Fe 

Fe 

Fe 

OuFe 

OuFe 

CuSnFe 

Ni 

ZnFe 

i 

P 

1 

Euinite 
llerite 
HALERITE 

(d)  On  charcoal  R.F.  gives 
metallic  globules,  but  no 
magnetic  residue. 

1 
2 
3 
3 
3 
7 

Bismuth 

SILVER 

COPPER 

CUPRITE 

Melaconite 

CASSITERITE 

Bi 
A« 
Cu 
Cu 
Cu 
Sn 

LLENA 

^entite 
rAT/^nffTTir. 

Pb 

Ag 

Cu 

Cu 

Bi 

AuTe 

AgAuTe 

^hrellite 
bmuthinite 
laverite 

irvo.nii'A 

(0)  Borax  bead  tests  for 
Mn. 

7 
7 

7 

PYROLUSITE 

MANGANITE 

PSILOMELANE 

Mn 

Mn 
Mn 

r 

.1 

1 

1^ 

(/)  Fusible    minerals    not 
previously  included. 

6i 

Columbite 

FeMnNb 

kbandite 

Mn 

(,0)  Infusible  minerals  not 
previously  included. 

7 
7 
7 
7 
7 

GRAPHITE 

RUTILE 

CASSITERITE 

Uraninite 

Platinum 

C 

Ti 

Sn 

U 

Pt 

lybdenite 

1 

Mo 
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PART  VI 

THE  DESCRIPTION  OF  IMPORTANT 

MINERALS 

Introductory 

The  modern  classification  of  minerals  is  primarily  a  chemical 
one,  the  minerals  being  arranged  according  to  the  acid  radical, 
and  secondarily  a  crystallographic  one,  for  in  any  chemical 
division  minerals  of  similar  chemical  composition,  which  are 
related  crystallographically,  are  placed  together  in  a  group. 
Thus,  the  sulfates  barite,  (BaSOJ;  celestite,  (SrSOJ;  and  an- 
glesite,  (PbSOJ,  constitute  the  barite  group,  as  they  all  crystal- 
lize in  the  orthorhombic  system,  and  though  the  habit  may  vary, 
the  angles  between  corresponding  faces  are  almost  identical. 
The  facts  stated  in  discussing  isomorphism  and  isomorphous 
mixtures  (see  page  173)  are  the  principles  used  in  classifying 
minerals.  This  is  the  so-called  systematic  classification  and  is 
regarded  as  the  most  scientific  one. 

Minerals  are  sometimes  arranged  according  to  a  metallic 
classification,  except  for  the  silicates.  Though  there  may  be 
some  advantages  in  this  method,  it  separates  many  very  similar 
minerals  and  unites  many  unlike  ones.  It  is  also  inconsistent 
in  that  silicates  are  classified  on  a  different  basis  from  the  other 
minerals. 

All  mineral  specimens  which  have  essentially  the  same  chem- 
ical composition  and  the  same  crystal  form  constitute  a  mineral 
species.  Those  specimens  of  any  mineral  species  which  have  the 
same  peculiarity  of  color,  impurity,  crystal  habit,  or  mode  of 
aggregation  constitute  a  variety.     These  varietal  distinctions  are 
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based  upon  non-essential  properties,  and  the  present  tendency  in 
mineralogy  is  to  use  varietal  names  (in  this  sense)  as  little  as 
possible.  Varieties  should  be  based  upon  occurrence,  association, 
and  origin  (see  numbered  list  under  the  heading  Occurrence  of 
each  mineral). 

About  a  thousand  distinct  kinds  of  minerals  or  mineral  species 
are  known.  Most  of  these  are  very  rare,  many  of  them  being 
found  at  only  one  or  two  localities.  In  this  book  two  hundred 
minerals  are  considered.  These  include  all  the  common  minerals, 
most  of  those  of  economic  importance,  and  others  which  are 
intended  to  give  the  student  a  comprehensive  view  of  the  mineral 
kingdom  as  a  whole. 

The  derivation  of  mineral  names  deserves  a  little  space  at  this 
point.  The  following  names  are  in  honor  of  prominent  scientific 
men:  biotite  (Biot,  French  physicist),  brucite  (Bruce,  an  early 
American  mineralogist),  dolomite  (Dolomieu,  French  geologist), 
gothite  (Goethe,  the  German  poet),  millerite  (Miller,  English 
crystallographer),  scheelite  (Scheele,  Swedish  chemist),  smith- 
sonite  (Smithson,  founder  of  the  Smithsonian  Institution), 
woUastonite  (Wollaston,  English  chemist). 

The  following  are  geographical  names  based  upon  prominent 
localities:  andalusite  (Andalusia,  a  province  of  Spain),  aragon- 
ite  (Aragon,  ancient  kingdom  in  Spain),  anglesite  (Anglesea  in 
Wales),  bauxite  (Beaux  in  France),  copiapite  (Copiapo  in  Chile), 
ilmenite  (Ilmen  mountains  in  the  Urals),  labradorite  (Labrador), 
muscovite  (Moscow  in  Russia),  strontianite  (Strontian  in  Scot- 
land), vesuvianite  (Mt.  Vesuvius  in  Italy). 

The  following  are  derived  from  the  Latin  or  Greek  names  for 
colors:  albite  (white),  azurite  (blue),  crocoite  (saffron),  cyaniti 
(blue),  celestite  (sky-blue),  chlorite  (green),  erythrite  (red), 
hematite  (blood),  leucite  (white),  rhodonite   (rose-red),    rutile 

I 

(reddish) . 

As  will  be  recognized,  the  following  names  are  based  upon  th^ 
chemical  composition:  alunite,  argentite,  arsenopyrite,  baritej 
calcite,    chromite,   cobaltite,  cuprite,  hydrozincite,  magnesitcj 
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molybdenite,  natrolite,  siderite,  sodalite,  stannite,  stibnite,  titan- 
ite,  uraninite,  wolframite,  zincite. 

It  will  be  noticed  that  most  mineral  names  end  in  -ite  (the 
sufSx  'ites  or  -itis^  signifying  a  quality,  use,  or  locality  of  the 
mineral) .  Names  in  use  before  this  custom  was  adopted  are 
quartz,  opal,  topaz,  garnet,  mica,  diamond,  galena,  beryl,  zircon, 
gypsum,  and  hornblende. 

It  is  interesting  to  note  that  at  one  time  a  binomial  nomen- 
clature like  that  at  present  used  for  plants  and  animals  was 
employed  for  minerals.  Thus,  barite  was  known  as  Baralus 
ponderosity  and  celestite  as  Baralus  prismaticus. 

The  order  followed  in  the  description  of  the  important  minerals 
is  practically  that  of  Dana's  System  of  Mineralogy  (6th  edition) 
except  that  silicates  are  placed  last. 


SYNOPSIS  OF  THE  CLASSIFICATION  OF  MINERALS 

1.  ELEMENTS 

2.  SULFIDS,  ARSENIDS,  AND 

TELLURIDS 

3.  SULFO-SALTS 

4.  HALOIDS 

5.  OXIDS 

6.  ALUMINATES,  FERRITES,  ETC. 

7.  HYDROXIDS 

8.  CARBONATES 

9.  PHOSPHATES,  ARSENATES,  ETC. 
10.  NITRATES  AND  BORATES 

n.  SULFATES 

12.  TUNGSTATES  AND  MOLYBDATES 

13.  SILICATES 
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A, 

Non-metals 

Diamond 

C 

GRAPH  ITE 

C 

SULFUR 

S 

B, 

Semirmetctls 

Arsenic 

As 

Antimony 

Sb 

Bismuth 

Bi 

C. 

Metals 

GOLD 

Au 

SILVER 

Ag 

COPPER 

Cu 

Mercury 

Hg 

Platinum 

Pt 

Iron 

Fe 

Diamond, 

c 

Form.  Diamond  is  nearly  always  found  in  small  loose  crys- 
als  with  rounded  faces  and  curved  edges.  It  crystallizes  in  the 
sometric  system,  probably  in  the  hexte- 
rahedral  class.  Though  many  of  the 
30  metric  forms  have  been  observed  the 
nly  common  one  is  the  octahedron.  Fig. 
95  represents  a  typical  crystal  with 
:rooved  edges  and  triangular  markings. 
Ipinel  twins  of  diamond  are  rather  common. 

Cleavage.  Perfect  octahedral.  This 
act  enables  the  diamond-cutter  to  save 
onsiderable  work. 

H.  =  10  (the  hardest  known  substance). 

Color.     Diamond  is  usually  colorless  or  pale  yellow,  though 

257 


Fia.  395. — Diamond  crystal. 


Sp.  gr.±3.5 
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brilliantly  colored  blue,  green,  and  red  stones  are  known.  One 
variety  known  as  carbonado  is  black  and  opaque. 

Luster.  The  luster  is  the  brilliant  luster  known  as  adaman- 
tine. 

Optical  Properties.  The  index  of  refraction  is  very  high 
(n  =  2.42)  which  accounts  for  its  brilliancy.  The  "fire''  of  the 
diamond  is  accounted  for  by  its  strong  dispersion,  the  index  of 
refraction  for  the  red  end  of  the  spectrum  being  2.402,  while  for 
the  violet  end  it  is  2.465.  Diamonds  are  transparent  to  X-rays, 
while  imitations  are  opaque. 

Chemical  Composition.  Pure  carbon.  Upon  heating  the 
diamond  in  an  atmosphere  of  oxygen  it  is  converted  into  COj. 
On  heating  out  of  contact  with  air  it  is  converted  into  graphite. 

Blowpipe  Tests.     Infusible.     Insoluble  in  acids. 

Uses.  On  account  of  its  great  hardness,  brilliancy,  and  rarity, 
diamond  stands  as  the  gem  mineral,  par  excellence.  Among  the 
famous  historic  diamonds  are  the  Kohinoor,  186  carats;  the 
Regent,  137  carats;  the  Star  of  the  South,  254  carats;  the 
Imperial,  457  carats;  and  the  Excelsior,  969  carats.  Of 
colored  diamonds  the  most  famous  are  the  Tiffany  (yellow), 
the  Hope  (blue),  and  the  Dresden  (green).  The  largest  diamond 
on  record  is  the  Cullinan,  found  in  1905  at  the  Premier  mine  in 
the  Transvaal.  This  diamond  weighed  3025  carats  (621.2  grams 
or  about  1.37  pounds  avoirdupois). 

Diamonds  are  also  used  as  an  abrasive  in  cutting  and  polishing 
precious  stones,  glass,  and  other  materials.  The  center  of  the 
diamond  cutting  industry  is  Amsterdam. 

Several  mines  within  an  area  of  ten  square  miles  at  Kimberley, 
South  Africa,  have  furnished  the  world's  principal  supply  of 
diamonds  since  their  discovery  in  1867. 

A  black  opaque  non-cleavable  variety  of  diamond  is  used  for 
diamond  drills.  It  is  found  only  in  Bahia,  Brazil,  and  is  known 
as  carbonado  or  "black  diamond. '* 

Occurrence.  1.  In  volcanic  necks  and  dikes  of  a  rock  known 
as  kimberlite  (locally  called  "blue-ground")-     Kimberlite  is  an 
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Uses.  Graphite  is  used  in  the  manufacture  of  lead  pencil 
(varying  hardness  is  due  to  admixed  clay),  lubricants  for  ma 
chinery,  refractory  crucibles,  and  electrical  supplies.  AustrL 
and  Ceylon  are  the  chief  producers. 

Artificial  graphite  is  now  made  from  anthracite  in  the  electri 
furnace  at  Niagara  Falls. 

Occurrence.  1.  In  crystalline  limestones.  Franklin,  Ne^ 
Jersey. 

2.  In  schists  and  gneisses  often  as  an  essential  constituent. 

3.  In  true  fissure-veins  (Ceylon). 

4.  In  meteorites.  Paramorphs  of  graphite  after  diamond 
called  cliftonite,  are  also  found  in  meteorites. 

SULFUR,  S 

Form.  Sulfur  occurs  in  crystals/  incrustations,  dissemim 
tions,  and  compact  masses.  The  crystals  are  good  examples  o 
the  orthorhombic  system.    Usual  forms:  p{lll},  c{001},  njOllj 


Fia.  396.  Fig.  397. 

and  s{113}.  The  habit  is  usually  pyramidal,  being  determinj 
by  {111}.  Interfacial  angles:  pp(lll  :  iTl)  =94°  52',  i 
(001  :  111)  =71°  40',  cs(001  :  113)  =45°  10',  pn(001  :  OllJ 
62°  17'.     Fig.  396  is  the  common  type  of  crystal  and  Fig. 
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shows  the    crystals  formed  by  the  evaporation  of    a  carbon 
bisulfid  solution. 

H.  =  2.  Sp.gr. +2.0 

Color.     Yellow,  sometimes  with  orange,  brown,  or  green  tinge. 

Optical  Properties.    n^(2.24)  — na(1.95)=0.29.    Fragments  are 
irregular  with  high-order  interference  colors. 

Chemical  Composition.     Sulfur,  often  with  such  impurities  as 
clay  and  asphaltum. 

Blowpipe  Tests.     Fuses  easily  (114°  C.)  and  burns  with  a  blue 
flame,  giving  oflF  sulfur  dioxid. 

Insoluble  in  acids.     Soluble  in  carbon  bisulfid  and  in  methy- 
lene iodid. 

Uses.  Sulfur  is  used  in  the  manufacture  of  gunpowder,  matches, 
'or  vulcanizing  rubber,  and  for  the  production  of  sulfur  dioxid, 
^hich  is  used  in  paper  manufacturing  and  bleaching.  It  was 
brmerly  used  in  the  manufacture  of  sulfuric  acid,  but  that  is 
low  made  from  pyrite.  The  island  of  Sicily  and  southwestern 
Liouisiana  are  the  principal  sources  of  sulfur.  At  the  latter  local- 
ty  the  sulfur  is  obtained  by  diooolving  it^  superheated  steam  >^^C^ 
^nd  pumping  the  solution  to  the  surface.  ^ 

Occttrrence.  1.  As  a  sublimate  in  the  crevices  around 
olcanoes  (called  solfataras).  Formed  by  the  incomplete  oxida- 
lon  of  hydrogen  sulfid.     2H3S  +  O3  =  2S  +  2H2O. 

2.  In  sedimentary  rocks  formed  by  the  decomposition  of  such 
alfates  as  gypsum.  At  Girgenti,  Sicily,  sulfur  occurs  in  marl 
ssociated  with  gypsum,  celestite,  and  aragonite. 

3.  As  a  decomposition  product  of  sulfids  such  as  galena, 
3halerite,  and  pyrite. 

4.  Formed  by  some  bacteria  in  sulfate  bearing  waters. 

ARSENIC  GROUP—HEXAGONAL 

The  three  semi-metals  or  metalloids,  arsenic,  antimony,  and 
smuth  are  isomorphous,  for  they  crystallize  in  the  scalenohedral 
ass  of  the  hexagonal  system  and  have  rhombohedral  cleavage 
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with  angles  of  about  92°-94°  and  parting  parallel  to  {0112}  (liki 
calcite).     Crystals  are  very  rare. 

Arsenic,  As 

Form.  Arsenic  usually  occurs  in  mammillary  crusts  made  uj 
of  concentric  layers  or  in  granular  masses,  rarely  in  small  imper 
feet  crystals. 

Cleavage  may  be  noticed  in  coarse-grained  specimens. 

H  =  3i.  Sp.gr. +5.7 

Color.  Tin  white,  tarnishing  black  on  exposure.  Luste.^ 
metallic. 

Chemical  Composition.  Arsenic,  usually  with  a  little  antl 
mony. 

Blowpipe  Tests.  On  charcoal  easily  volatile  with  the  charai] 
teristic  arsin  odor,  giving  a  white  sublimate  some  distance  froi 
the  assay. 

Oxidized  by  HNO3  to  arsenic  acid. 

Occurrence.  1.  As  a  vein  mineral  often  associated  with  silM 
and  cobalt  minerals.   Schneeberg,  Saxony,  is  a  prominent  localiti 

Antimony,  Sb 

Form.     Antimony  occurs  in  massive  lamellar  or  granular  en 
talline  aggregates,  occasionally  cleavable,  but  rarely  crystallize 
Cleavage  often  prominent. 

H.  =  3i.  Sp.gr.  ±6.6 

Color.     Tin- white  (does  not  tarnish  easily  like  arsenic) . 

Chemical  Composition.     Antimony,  usually  with  some  arsen 

Blowpipe  Tests.  On  charcoal  easily  volatile,  giving  de: 
white  fumes  (without  odor)  and  a  white  sublimate  near  the  asi^:. 

Oxidized  by  HNO3  to  HSbOg,  a  white  residue. 

Occurrence.  1.  As  a  vein  mineral  often  associated  with  sj 
nite  and  with  silver  minerals. 
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Bismuth,  Bi 

Form.     Bismuth  occurs  in  small  cleavable  masses  or  in  em- 
bedded dendritic  forms. 
Cleavage  often  prominent. 

H.  =  2i.  Sp.gr.  ±9.8 

Color.     Pale  reddish  tin-white.     Luster,  metallic. 

Chemical  Composition.     Bismuth. 

Blowpipe  Tests.  Easily  fusible  (i)  to  a  malleable  globule 
which  is  brittle  on  the  edges.  With  bismuth  flux  on  charcoal 
gives  a  bright  red  sublimate. 

Soluble  in  HNO3.  The  solution  diluted  with  water  gives  a 
white  precipitate,  (BiO)  NO 3. 

Uses.  Native  bismuth  is  the  chief  source  of  the  bismuth  of 
commerce  which  is  used  principally  in  alloys. 

Occurrence.  1.  As  a  vein  mineral,  usually  associated  with  sil- 
ver and  cobalt  minerals.  Schneeberg,  Saxony,  is  the  principal 
locality. 

GOLD,  Au 

Form.  Though  usually  finely  disseminated  through  rock  and 
only  apparent  on  assaying,  gold  also  occurs  in  rolled  grains  and 
scales,  occasionally  in  large  nuggets,  also  in  crystals  and  imper- 
fect crystal  aggregates.  Like  many  of  the  metals,  gold  crystal- 
lizes in  the  isometric  system,  the  octahedron  being  the  only  com- 
mon form.  Sheets  of  gold  (leaf-gold)  with  raised  triangular 
markings  are  not  uncommon. 

H.  =2i  to  3.  Sp.  gr.     15  to  19  (according  to  fineness). 

Color.  Deep  to  pale  yellow.  The  pale  yellow  varieties  contain 
silver.     Luster,  metallic.     Very  malleable. 

Chemical  Composition.     Gold,  usually  alloyed  with  more  or  \ 

less  silver,  sometimes  also  with  Bi,  Cu,  Fe,  Pd,  and  Rh.  The 
following  analyses  give  an  idea  of  the  variation  in  the  chemical 
composition: 

15 
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Analyses  of  Gold 


Au 

Ag 

Misc. 

Sp.  Gr. 

South  Australia    

93.5 
87.4 
79.9 
66.4 

6.5 
12.1 
20.1 
33.2 

18.8 

Urals    

Cu  =  0.1 

17.4 

Peru 

16.6 

Verespatak    , : 

SiOa  =  0.4 

15.0 

Gold  with  more  than  20  per  cent,  of  silver  is  called  electrum  and  is 
very  pale  yellow  in  color. 

Blowpipe  Tests.  Fusible  at  3.  With  mercury  forms  an  amal- 
gam. 

Soluble  in  aqua  regia,  the  silver  bearing  varieties  leaving  a 
residue  of  AgCl. 

Uses.     The  uses  of  gold  are  well-known. 

Occurrence.  1.  In  quartz  veins  along  with  pyrite,  chalco- 
pyrite,  sphalerite,  arsenopyrite,  etc. 

2.  In  placers  along  streams  (ancient  river-channels  in  some 
cases)  associated  with  heavy  minerals  such  as  magnetite,  ilmen- 
ite,  garnet,  zircon,  platinum,  etc.  Prominent  localities  are 
Alaska,  California,  Brazil,  Colombia,  Urals,  and  Australia. 

3.  In  quartzite-conglomerate  in  the  Rand,  Transvaal,  South 
Africa.     The  origin  of  the  gold  is  in  doubt. 

4.  As  a  secondary  mineral  in  gossan.  At  Cripple  Creek,  gold 
is  found  in  the  oxidized  zone  pseudomorphous  after  calaverite. 


SILVER,  Ag 

Form.  The  characteristic  occurrence  of  silver  is  in  wires,  thin 
sheets,  skeleton  crystals,  dendritic  groups,  and  masses.  The  cube 
is  the  only  common  crystal  form,  but  the  crystals  are  very  small. 

H.  =  2J.  Sp.gr.  ±10.5 

Color.  Tin-white  to  pale  yellow,  but  is  often  tarnished  some- 
times resembling  copper.     Luster,  metallic.     Malleable. 

Chemical  Composition.  Silver,  often  with  some  gold  and 
copper. 
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Occurrence.  1.  As  a  secondary  mineral  in  many  copper 
mines  formed  by  the  reduction  of  copper  compounds  in  solution, 
which  in  turn  were  formed  by  the  oxidation  of  chalcopyrite. 

2.  In  amygdaloidal  cavities  of  diabase  associated  with  calcite, 
datolite,  prehnite,  epidote,  zeolites,  and  sometimes  with  silver. 
The  Upper  Peninsula  of  Michigan-  is  the  type  locality. 

Mercury,  Hg 

Form.  Mercury  occurs  as  small  globules  in  seams  and  cavities 
associated  with  cinnabar,  occasionally  in  little  pools.  Mercury  is 
unique  in  being  the  only  mineral  which  is  liquid  at  ordinary 
temperatures. 

Color,  Tin-white.  Sp.  gr.  ±  13.6 

Chemical  Composition.     Mercury. 

Blowpipe  Tests.  Volatile.  Forms  an  amalgam  with  gold, 
silver,  and  copper. 

Soluble  in  HNO3. 

Occurrence.  1.  Probably  a  secondary  mineral  formed  by 
the  decomposition  of  cinnabar.  Found  at  New  Almaden,  Cali- 
fornia. 

Platinum,  Pt 

Form.  Platinum  is  found  in  rounded  grains,  scales,  and  irregu- 
lar lumps.     Cubic  crystals  are  very  rare. 

H.  =  4i.  Sp.  gr.  15-19  (21,  if  pure) 

Color.  Light  steel  gray.  Luster,  metallic.  Malleable.  Some 
varieties  are  magnetic. 

Chemical  Composition.  Platinum,  often  alloyed  with  iron 
and  metals  of  the  platinum  group  (Ir,  Os,  Pd,  Rh) .     Analyses : 


Pt 


Fe 


Pd 


Rh 


Ir 


Os 


Cu 


Urals 80.9       2.3       1.6      11.1      tr      1.0 

Colombia 84.8       8.3       1.0        2.1      1.0       1.0       0.6 

California 79.8       9.4       0.3        3.4     4.3       1.1       0.3 


S=0.8 
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Soluble  in  HCl  with  the  evolution  of  hydrogen.  Iron  is  copper 
coated  by  a  solution  of  copper  sulfate. 

Occurrence.  1.  In  meteorites,  either  as  the  main  constituen 
or  associated  with  silicates  such  as  olivine. 

2.  In  basalts,  perhaps  formed  from  the  molten  magma.  Tb 
only  prominent  locality  is  Disco  Island,  Greenland. 


2.  SULFIDS,  ARSENIDS,  AND  TELLURIDS 


Realgar, 

AsS 

Orpiment, 

ASjSa 

/  STIBNITE, 

Sb^Sa 

\  Bismuthinite, 

Bi,S3 

Molybdenite, 

MoS, 

f  Argentite, 

Ag.S 

\  GALENA, 

PbS 

CHALCOCITE, 

Cu^S 

SPHAT.EMTE, 

ZnS 

Alabandite, 

MnS 

CINNABAR, 

HgS 

Covellite, 

CuS 

Millerite, 

NiS 

Niccolite, 

NiAs 

PYRRHOTITE, 

FeS 

PYRITE, 

FeS, 

Cobaltite, 

CoAsS 

Smaltite, 

(Co,Ni)As2 

f  MARCASITE, 

FeSa 

ARSENOPYRITE, 

FeAsS 

Lollingite, 

FeAsa 

Sylvanite, 

AgAuTe^ 

Calaverite, 

Autea 

The  sulfids  and  their  analogues,  the  selenids,  tellurids,  arse- 
aids,  etc.,  are  derivatives  of  HjS,  HjSe,  HjTe,  HjAs,  etc.  They 
may  be  considered  as  salts  of  these  acids  or  as  sulfanhydrids  of 
mlfo-salts  just  as  the  oxids  are  anhydrids  of  the  oxy-salts.  They 
ire  mostly  sulfids  of  the  heavy  metals.  The  sulfids  may  be 
livided  into  two  classes:  (1)  the  sulfids  of  the  semi-metals,  and 
[2)  the  sulfids  of  the  metals.  Minerals  under  each  of  these  are 
irranged  according  to  increasing  number  of  sulfur  atoms  in  the 
brmula.  Prominent  isomorphous  groups  are  indicated  by 
jrackets. 
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Realgar,  AsS 

Form.  Realgar  occurs  incrusting  or  disseminated,  and  is 
usually  massive,  rarely  showing  distinct  crystals.  Crystals  are 
monoclinic  and  short  prismatic  in  habit. 

H.  =  li-2.  Sp.gr.  ±3.5 

Color.  Red,  becoming  orange-red  on  exposure  to  light.  Lus- 
ter, resinous.     Translucent. 

Optical  Properties.  n>  1.93.  Double  refractioti  strong.  Frag- 
ments are  irregular  and  pleochroic  (yellow  to  orange) . 

Chemical  Composition.  Arsenic  sulfid,  AsS;  (As  =  70.1  pe: 
cent.). 

Blowpipe  Tests.  On  charcoal  fuses  (at  1)  and  volatilizes,  giving 
off  fumes  of  arsin  and  sulfur  dioxid.  In  the  closed  tube  gives  a 
red  sublimate  (AsS). 

Soluble  in  KOH. 

Occurrence.  1.  As  a  vein  mineral  often  associated  with 
orpiment.  At  Felsobanya,  Hungary,  realgar  occurs  in  veins  with 
barite,  arsenic,  orpiment,  stibnite,  quartz,  pyrite,  etc. 

2.  As  a  sublimation  product  in  solf ataras,  and  in  the  working: 
or  dumps  of  burning  coal  mines. 

Orpiment,  AsjSg 

Form.  Orpiment  occurs  in  foliated  or  granular  masses,  k 
powdery  incrustations,  and  in  small  indistinct  orthorhombit 
crystals. 

Cleavage.     Perfect  cleavage  in  one  direction  (010). 

H.  =  l§.  Sp.gr.  ±3.5 

Color.  Yellow.  Cleavage  plates  are  flexible  and  have  a  pearlj 
luster. 

Optical  Properties.  n>1.93.  Double  refraction,  strong 
Cleavages  have  extinction  parallel  to  striations,  but  give  c 
interference  figure. 

Chemical  Composition.  Arsenic  sulfid,  AsjSg;  (As  =  60.9  pe: 
cent.). 
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Blowpipe  Tests.  Like  those  of  realgar  except  that  the  closed 
tube  sublimate  is  yellow. 

Soluble  in  KOH  and  in  aqua  regia. 
Occurrence.     Like  that  of  realgar. 

STIBNITE,  Sb^Sj 

Form.  Stibnite  is  found  in  prismatic  or  acicular  crystals,  in 
columnar  or  bladed  aggregates,  and  in  granular  masses.  Crys- 
tals are  orthorhombic  (bipyramidal  class).  Usual  forms  {110}, 
{010},  {111},  {113},  {121}.  The  habit  is  long  prismatic  with 
{110}  as  the  dominant  form  (110:lT0=89°  34').  Crystals  are 
often  highly  modified  and  always  vertically  striated. 

Cleavage.  Perfect  in  one  direction  parallel  to  the  side  pina- 
coid  (010).     Also  parting  parallel  to  (001). 

H.=2.  Sp.gr. +  4.5 

Color.  Lead  gray.  Luster,  brilliant  metallic  on  fresh  sur- 
face.    Streak,  lead  gray. 

Chemical  Composition.  Antimony  sulfid,  SbjSg;  (Sb  =  71.4  per 
cent.). 

Blowpipe  Tests.  On  charcoal  easily  fusible  (1)  giving  a  green- 
ish-blue flame,  dense  white  fumes,  and  a  white  sublimate  close  to 
the  assay.  In  thQ  open  tube  gives  SOj  and  a  white  non-vola- 
tile sublimate  (Sb204)  on  the  under  side  of  the  tube.  In  the 
closed  tube  gives  a  dark  red  sublimate  of  antimony  oxysulfid 
(Sb^SjO). 

Decomposed  by  HNOg  with  the  separation  of  a  white  precipi- 
tate, (HSbOg). 

Uses.     Stibnite  is  the  principal  source  of  antimony. 

Occurrence.  1.  As  a  vein  mineral  associated  with  pyrite, 
sphalerite,  galena,  cinnabar,  and  realgar  in  a  gangue  of  quartz, 
barite,  or  calcite.  Prominent  localities  for  specimens  of  stibnite 
are  Felsobanya,  Hungary  and  Shikoku,  Japan.  At  the  latter 
locality  magnificent  crystals  over  a  foot  in  length  are  found. 
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Bismuthinite,  BijS, 

Form.     Bismuthinite  is  isomorphous  with  stibnite,  and  greatly 
resembles  it. 
Cleavage.     In  one  direction  parallel  to  the  length. 

H.  =  2.  Sp.gr.  ±6.4 

Color.     Lead  gray  with  a  peculiar  yellowish  tarnish. 

Chemical  Composition.  Bismuth  sulfid,  BijSj;  (Bi  =  81.2pei 
cent.).     Some  varieties  contain  Se. 

Blowpipe  Tests.  Easily  fusible  (1) ,  giving  on  charcoal  a  metal 
lie  button  (malleable,  but  brittle  on  the  edges)  and  a  yello^i 
coating. 

Soluble  in  HNOg.  On  diluting  the  solution  with  water  a  whit- 
precipitate  is  formed. 

Occurrence.  1.  As  a  vein  mineral  associated  with  bismu:J 
and  chalcopyrite  especially. 

Molybdenite,  M0S2 

Form.  Molybdenite  is  usually  found  in  foliated  masses  or  i: 
disseminated  scales,  and  occasionally  in  hexagonal  crystals  d 
tabular  habit. 

Cleavage.     One  direction  parallel  to  {0001}. 

H.  =  li.  Sp.gr.  ±4.7 

Color.  Bluish  lead  gray.  The  streak  on  glazed  porcelain  1  : 
glazed  paper)  has  a  greenish  tinge.  Cleavages  are  flexible  an  I 
sectile. 

Chemical  Composition.  Molybdenum  sulfid,  MoSj;  (Mo  =6i  j 
per  cent.). 

Blowpipe  Tests.     Infusible.     On  charcoal  gives  a  white  sub 
mate  which  is  copper-red  near  the  assay.     Green  NaPOg  bead  -i 
R.F.,  colorless  in  O.F. 

Decomposed  by  HNO3  with  the  formation  of  a  white  sublima:i 
(M0O3)  which  is  soluble  in  NH4OH. 

Uses.  Chief  source  of  molybdenum,  which  is  used  as  an  all . 
with  steel. 
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Occurrence.  1.  In  pegmatites  and  surrounding  rocks,  espe- 
cially granite. 

2.  In  tin-stone  veins  with  cassiterite,  wolframite,  topaz,  etc. 

3.  As  a  contact  mineral  between  limestones  and  granites  asso- 
ciated with  epidote,  chalcopyrite,  etc. 

Argentite,  AgjS 

Form.  Occurs  massive,  incrusting,  more  rarely  in  rough  crys- 
tals. The  crystals  are  isometric,  the  only  common  form  being 
the  cube.     Cubes  are  often  arranged  in  parallel  position. 

H.=2i.  Sp.  gr.±7.3 

Color.  Dark  lead  gray,  almost  black.  Luster,  metallic. 
Very  sectile. 

Chemical  Composition.  Silver  sulfid,  AgjS;  (Ag  =  87.1  per 
cent.). 

Blowpipe  Tests.  Easily  fusible  (IJ).  On  charcoal  yields  a 
malleable  button  of  silver. 

Soluble  in  HNO3  with  the  separation  of  S.  HCl  gives  a  white 
precipitate,  AgCl,  soluble  in  NH4OH. 

Uses.  Argentite,  called  silver  glance  by  miners,  is  an  impor- 
tant ore  of  silver  on  account  of  the  high  silver  content. 

Occurrence.  1.  As  a  vein  mineral  associated  with  other  silver 
minerals.     Freiberg,  Saxony,  furnishes  fine  specimens. 

GALENA,  PbS 

Form.  Galena  occurs  in  well-formed  crystals  as  well  as  in 
cleavable  and  granular  masses.  Crystals  are  isometric  (hexocta- 
hedral  class).  The  usual  forms  are  the  cube  {100},  the  octa- 
hedron {111},  more  rarely  the  dodecahedron  {110}  and  the  tris- 
octahedron  {221}.  The  habit  is  usually  cubic,  cubo-octahedral, 
or  octahedral.  Figs.  398  to  402  show  a  variety  of  habits.  Con- 
tact or  penetration  twins  with  (111)  as  twin-plane  and  poly- 
synthetic  twins  with  (441)  as  twin-plane  (see  Fig.  239,  p.  66)  are 
sometimes  observed. 


274   INTRODUCTION  TO  THE  STUDY  OF  MINERALS 


Cleavage.    Perfect  cubic  cleavage. 

H.  =  2i.  Sp.gr.  ±7.5 

Color.     Lead  gray,  often  tarnished.     Metallic  luster. 

Chemical  Composition.  Lead  sulfid,  PbS;  (Pb  =86.6  per  cent). 
May  contain  Zn,  Ag,  free  sulfur,  and  other  impurities. 

Blowpipe  Tests.  Easily  fusible  at  2,  giving  on  charcoal  a  malle- 
able button,  a  yellow  sublimate  (PbO)  near  the  assay,  and  a  white 
sublimate  (PbSOJ  farther  from  the  assay. 


a 

JJ 


Fio.  398. 


JJ 

Fig.  399.  Fio.  400. 


Fia.  401. 


FiQ.  402. 


Decomposed  by  HCl  with  the  separation  of  PbClg,  a  white 
crystalline  precipitate  soluble  in  hot  water.  Decomposed  by 
HNO3  with  the  separation  of  S  and  PbS04. 

Uses.  Galena  is  the  most  important  ore  of  lead;  argentiferous 
galena  is  one  of  the  most  important  silver  ores. 

Occurrence.  1.  As  a  vein  mineral  associated  with  sphalerite, 
chalcopyrite,  pyrite,  etc.,  often  with  barite  as  a  gangue  mineral 
In  the  north  of  England  galena  occurs  with  fluorite,  barite,  cal- 
cite,  and  sphalerite  in  veins  in  Sub-carboniferous  limestone. 

2.  As  a  metasomatic  replacement  of  limestone. 

3.  In  sedimentary  rocks  such  as  limestones,  shales,  and  sand- 
stones often  associated  with  sphalerite.  In  southeastern  Mi^- 
souri  galena  is  disseminated  through  Ordovician  limestone. 

CHALCOCITE,  CuaS 

Form.     Usually  fine-grained  compact  masses,  rarely  in  pseudo- 
hexagonal  orthorhombic  crystals,  which  are  sometimes  twinned. 
H.=2i.  Sp.gr.  ±5.7 


Color.     Da 
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Cleavage.    Prominent  dodecahedral  at  angles  of  60°  and  90°. 
H.=3i  to  4.  Sp.  gr.±4.0 

Color.  The  color  of  sphalerite  varies  from  white  to  black, 
depending  upon  the  amount  of  iron  present.  The  usual  color  is 
yellowish-brown  or  reddish-brown.  The  luster  is  adamantine, 
and  the  streak  pale  yellow  to  brown. 

Optical  Properties.  n  =  2.37.  Fragments  are  triangular,  pale 
yellow,  and  isotropic  (dark  between  crossed  nicols).  The  high 
index  of  refraction  accounts  for  the  adamantine  luster. 

Chemical  Composition.  Zinc  sulfid,  ZnS;  (Zn =67.0  per  cent.). 
Iron  replaces  zinc  isomorphously  as  shown  in  the  formula 
(Zn,Fe)S.  Cadmium  is  another  common  impurity.  The  rare 
elements  indium  and  gallium  were  discovered  in  sphalerite.  The 
following  are  typical  analyses: 


Zn 


Fe 


s 


Misc. 


White:  Franklin,  New  Jersey  . 
Yellow:  Schemnitz,  Hungary  . 
Brown:  Roxbury,  Connecticut 

Dark  brown:  Westphalia 

Black:  Felsobanya,  Hungary  . 


67.5 

32.2 

65.2 

0.5 

32.8 

63.4 

3.6 

33  4 

58.2 

8.2 

33.4 

50.0 

15.4 

33.3 

Cd  =  tr 
Cd  =  1.5 

Cu  =  0.1;  Pb  =  tr 
Cd  =  0  3;Pb  =  1.0 


Blowpipe  Tests.  Difficultly  fusible  (5).  On  charcoal  gives  a 
white  sublimate,  which  is  yellow  when  hot.  This  sublimate 
heated  intensely  with  cobalt  nitrate  solution  gives  a  green  color 
(cobalt  zincate).  The  presence  of  Cd  is  indicated  by  an  irides- 
cent coating  on  charcoal. 

Soluble  in  HCl  with  the  evolution  of  HgS. 

Uses.  Sphalerite  is  the  most  important  ore  of  zinc.  The 
Joplin  district  of  southwest  Missouri  is  the  principal  locality  in 
this  country. 

Occurrence.  1.  As  a  vein  mineral  associated  with  galena 
principally. 

2.  As  an  accessory  mineral  in  sedimentary  rocks. 
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but  become  dark  when  one  nicol  is  rotated  325°  for  a  plate  1  mm. 
thick,  using  monochromatic  red  light.  This  property,  possessed 
also  by  quartz,  is  called  rotary  polarization. 

Chemical  Composition.  Mercuric  sulfid,  HgS;  (Hg  =  86.2  per 
cent.).  Clay  and  organic  matter  are  often  present  as  im- 
purities. 

Blowpipe  Tests.  Volatile  if  pure.  In  the  closed  tube  with  dry 
soda  cinnabar  gives  a  sublimate  of  metallic  mercury  (little  drops 
when  rubbed  with  a  wire) . 

Soluble  in  HNOg. 

Uses.  Practically  the  only  ore  of  mercury.  The  principal 
producing  localities  are  Almaden  in  Spain,  Idria  in  Austria. 
New  Almaden  and  New  Idria  in  California. 

Occurrence.  1.  In  stock-work  deposits,  i.e.,  scattered  througi 
the  rock  in  stringers,  etc.,  rather  than  in  distinct  veins.  In  the 
Coast  Ranges  of  California  cinnabar  is  associated  with  serpentine 

Covellite,  CuS 

Form.  Tabular  hexagonal  crystals  are  rare,  the  mineral 
usually  occurring  as  a  dissemination  or  incrustation. 

H.  =  lito2.  Sp.gr.  ±4.6  , 

Color.  Deep  indigo  blue,  almost  black.  Luster,  met  alii 
pearly  to  dull. 

Chemical  Composition.  Cupric  sulfid,  CuS;  (Cu  =  66.4  pf 
cent.). 

Blowpipe  Tests.     Fusible  at  2^.     In  the  closed  tube  gives 
sublimate  of  sulfur  (distinction  from  chalcocite).     On  charcJ 
burns  with  a  blue  flame,  gives  off  SOj,  and  leaves  a  button 
copper. 

Soluble  in  HNO3  to  a  green  solution. 

Occurrence.     1.  A  characteristic  mineral  of  the  zone  of 
ondary   sulfid   enrichment.      Butte,    Montana,   furnishes    g< 
specimens.     In  many  mines  it  occurs  as  an  incrustation 
chalcopyrite. 


mmm^^^^^^^ 
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MiUerite,  NiS 

Form.     Millerite  occurs  in  acicular  crystals  and  in  fibrous 
crusts. 
H.=3i.  Sp.gr.  ±5.5 

Color.     Brass  yellow.     Luster,  metallic. 

Chemical  Composition.  Nickel  sulfid,  NiS;  (Ni =64.7  per  cent.) . 
May  also  contain  Co,  Fe,  and  Cu. 

Blowpipe  Tests.  Fusible  at  2  to  a  magnetic  globule  which 
gives  a  borax  bead  in  O.F.,  violet  when  hot. 

Soluble  in  HNOg  to  a  green  solution. 

Occurrence.  1.  As  a  vein  mineral  associated  with  cobalt  and 
silver  minerals. 

2.  As  a  secondary  mineral  with  nickeliferous  pyrrhotite. 
Gap  Mine,  Pennsylvania. 

3.  In  sedimentary  rocks  in  cavities  penetrating  calcite  crys- 
tals.    St.  Louis,  Mo.  and  Keokuk,  Iowa. 

Niccolite,  NiAs 

Form.  Niccolite  practically  always  occurs  in  a  massive  form 
without  cleavage. 

H.==5i.  Sp.gr.  ±7.4 

Color.     Pale  copper  red.     Metallic  luster. 

Chemical  Composition.  Nickel  arsenid,  NiAs;  (Ni  =  43.9  per 
cent.).     May  also  contain  S,  Sb,  and  Co. 

Blowpipe  Tests.  Easily  fusible  (2)  to  a  magnetic  residue 
giving  off  arsin  fumes. 

Soluble  in  HNO3  to  a  green  solution. 

Occurrence.     1.  As  a  vein  mineral  with  cobalt  and  silver  ores. 

PYRRHOTITE,  FeS 

Form.  Pseudohexagonal  orthorhombic  crystals  of  tabular 
liabit  are  known,  but  are  very  rare.  Usually  massive  and  with- 
out cleavage. 

16 
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H.  =  4  (Pyrite  is  6) .  Sp.  gr.  ±  4.6 

Color.     Bronze-yellow.     Luster,   metallic.     Pyrrhotite   is  at 
tracted  by  the  magnet. 

Chemical  Composition.  Ferrous  sulfid,  FeS,  with  a  little  ex- 
cess of  sulfur.  (Fe— 63.6  per  cent.)-  Often  contains  nickel  up 
to  5  per  cent. 

Blowpipe  Tests.  Fuses  at  3  to  a  magnetic  globule,  giving 
fumes  of  SOj.  In  the  closed  tube  gives  little  or  no  sulfur  (dis- 
tinction from  pyrite) . 

Soluble  in  HNOg. 

Uses.  The  nickeliferous  pyrrhotite  of  Sudbury,  Canada,  is  an 
important  ore  of  nickel. 

Occurrence.  1.  In  basic  igneous  rocks.  Some  large  depos- 
its are  due  to  magmatic  segregation. 

2.  As  a  vein  mineral. 

3.  In  crystalline  limestones. 

PYRITE  GROUP— ISOMETRIC 

Pyrite,  FeSj,*  smaltite,  CoAsj,*  chloanthite,  NiAsg;  cobaltite. 
CoAsS;  and  gersdorffite,  NiAsS,  constitute  an  isomorphous  group 
as  they  crystallize  in  the  diploid  class  of  the  isometric  system  in 
cubes  and  pyritohedrons,  and  have  a  hardness  of  5i  to  6  J  and 
a  specific  gravity  of  5  to  6.5.  There  are  also  intermediate  com- 
pounds such  as  (Co,Fe)As2,  (Ni,Fe)As2,  and  (Co,Fe)AsS.  Tk 
general  formula,  then,  can  be  written  (Fe,Co,Ni)(As,Sb,S)2- 

PYRITE,  FeSj 

Form.  Pyrite  is  often  well  crystallized  and  furnishes  the  typi- 
cal example  of  the  diploid  class  of  the  isometric  system.  Thf 
most  common  forms  are  the  cube  a{100},  pyritohedron  e{210 
octahedron  ojlll},  diploid  s{321},  diploid  {421},  and  trapezo 
hedron  {211}.  The  habit  is  nearly  always  cubic,  pyritc- 
hedral,  or  octahedral      Figs.  405  to  412  represent  typical  crystal? 
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The  cube  faces  are  commonly  striated  as  in  Fig.  405.  The 
{hkO}  forms  are  so  characteristic  of  pyrite  that  they  are  called 
pyritohedrons.  Of  these  the  pyritohedron  {210}  is  the  most 
common.  Penetration  twins  of  the  pyritohedron  with  the  a-axis 
as  the  twinning  axis  are  occasionally  found.  (See  Fig.  241, 
page  66). 

H.=6  to6i.  Sp.gr.  ±5.0 


Fig.  405- 


Fig.  406. 


Fig.  407. 


Fig.  408. 


/^^ 


Fig.  409. 


Fig.  410. 


Fig.  411. 


Fig   412. 


Color.  Brass  yellow.  Luster,  metallic.  Streak,  greenish  to 
brownish-black. 

Chemical  Composition.  Iron-  disulfid,  FeSj,*  (Fe=46.6  per 
cent.).  May  contain  Cu,  Co,  Ni,  As,  and  Au.  The  copper  is 
probably  in  the  form  of  chalcopyrite.  The  following  are  typical 
analyses: 


Fe 


S 


Cu 


Misc. 


prench  Creek,  Penn, 
Arnsberg,  Germany. 
Cornwall,  Penn 


44.2 
46.4 
44.5 


54.1 
51.4 
53.4 


0.05 

1.0 

2.4 


Mn=0.5;  Co  =  0.1;  As  =  0.6 
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Blowpipe  Tests.  Fusible  at  3  to  a  magnetic  globule.  On  char- 
coal pyrite  burns  with  a  blue  flame,  giving  off  SOj.  In  the 
closed  tube  it  gives  a  sublimate  of  sulfur  and  leaves  a  magnetic 
residue. 

Insoluble  in  HCl,  but  soluble  in  HNO3  with  the  separation  of  S. 

Uses.  Pyrite  is  used  extensively  in  the  manufacture  of  sul- 
furic acid,  which  is  the  basis  of  many  chemical  industries.  Py- 
rite is  also  an  important  low-grade  copper  ore  at  many  localities, 
the  copper  being  present  as  disseminated  chalcopyrite.  Pyrite  is 
also  often  gold-bearing. 

Occurrence.  1.  As  a  vein  mineral  associated  with  other 
sulfids. 

2.  As  an  original  mineral  in  igneous  rocks. 

3.  As  a  secondary  mineral  in  igneous  rocks,  especially  in  the 
country  rock  around  ore-deposits. 

4.  As  a  dissemination  in  sedimentary  rocks,  such  as  shales 
and  limestones,  often  replacing  organisms. 

5.  As  bedded  deposits  in  metamorphic  rocks. 

6.  As  a  contact  mineral  with  hematite  and  magnetite. 
Lindgren  states  that  the  occurrence  of  iron  sulfids  and  iron  oxids 
together  is  characteristic  of  contact  deposits. 

Cobaltite,  CoAsS 

Form.  Cobaltite  usually  occurs  in  crystals,  which  are  identi- 
cal with  those  of  pyrite,  the  cube,  pyritohedron,  and  octahedro: 
being  the  only  common  forms. 

H.  =  5i.  Sp.gr.  ±6.1 

Color.     Reddish  silver-white.     Luster,  metallic. 

Chemical  Composition.  Cobalt  arsenid-sulfid,  CoAsS;  (Co= 
35.4,  As  =  45.3,  S  =  19.3) .  Usually  contains  iron  and  occasional!; 
nickel. 

Blowpipe  Tests.  On  charcoal  gives  arsin  odor  and  fuses  r 
2i  to  a  gray,  feebly  magnetic  globule,  which  colors  a  borax  bes* 
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deep  blue.  Unaltered  in  the  closed  tube  (distinction  from 
smaltite) . 

Soluble  in  HNO3  to  .a  rose-colored  solution  with  the  separation 
of  stilfur. 

Occurrence.     1.   In     fahl-bands    of     schists    and     gneisses. 

Tunaberg,  Sweden,  is  the  principal  locality. 

« 
Smaltite,  (Co,Ni)As2 

Form.  Smaltite  is  usually  massive  without  any  cleavagej  but 
occasionally  is  found  in  cubic  crystals. 

H.  =  5i.  Sp.gr.  ±6.2 

Color.     Tin  white  to  steel  gray.     Luster  metallic. 

Chemical  Composition.  Cobalt-nickel  arsenid,  (Co,Ni)As2, 
varying  from  CoAsg  (Co  =28.2  per  cent.)  to  NiAsa  (Ni  =  28.1  per 
cent.).  Iron  and  sulfur  are  usually  present  in  small  amounts. 
The  following  analyses  illustrate  the  range  in  composition. 


Co 

Ni 

Fe 

As 

S 

Misc. 

AtAcama,  Chili 

Wittichen,  Germany 

Schneeberg,  Saxony 

24.1 

10.1 

4.2 

1.2 

8.5 
24.9 

4.1 
5.1 
0.7 

70.8 
69.7 
68.4 

0.1 
4.7 
1.1 

Cu  =  0.4 

Cu  =  0.9;  Bi  =  1.0 

Bi  =  0.2 

Blowpipe  Tests.  On  charcoal  gives  off  arsin  and  fuses  at  2J 
to  a  magnetic  globule,  which  colors  the  borax  bead  blue.  In 
the  closed  tube  gives  an  arsenic  mirror  if  strongly  heated. 

Soluble  in  HNO3  to  a  rose-red  solution. 

Use^.  Smaltite  is  the  chief  ore  of  cobalt.  Schneeberg,  Saxony, 
and  Cobalt,  Ontario,  are  the  principal  localities. 

Occurrence.  1.  As  a  vein  mineral  usually  with  silver  and 
bismuth  and  in  a  gangue  of  calcite.  Smaltite  is  often  coated 
with  erythrite,  a  cobalt  arsenate  called  '^  cobalt  bloom.'' 

MARCASITE  GROUP— ORTHORHOMBIC 

The  following  minerals:  marcasite,  FeSg,*  arsenopyrite,  FeAsS; 
lollingite,  FeAsj,*  glaucodot  (Co,Fe)AsS;  safflorite,^  CoAsj;  and 


•:  -lil 


m 
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rammelsbergite,  NiAs^,  constitute  an  isomorphous  group  parallel 
to  the  pyrite  group.  They  are  orthorhombic  in  crystallization, 
have  a  hardness  of  5  to  6i,  and  are  tin- white  to  brass-yellow  in 
color.  Only  the  first  three  of  these  minerals  are  considered  as 
the  others  are  rare. 


MARCASITE,  FeS 


2 


Form.  Marcasite  occurs  in  orthorhombic  crystals,  in  crystal- 
line aggregates,  and  in  rounded  concretionary  masses.  Crystals 
are  usually  tabular  in  habit  and  often  elongated  in  the  direction 
pf  the  a-axis.     Figs.  413  to  415  represent  typical  crystals  with 


Fio.  413. 


Fig.  414. 


Fig.  415. 


the   forms:  c{ 001},    m{110},   2;{013}.     mm(110:110)  =74°   do. 
Twins  with  m{110}  as  twin-plane  are  common. 

H.=6  to6i.  Sp.gr.  ±4.9 

Color.  Pale  brass  yellow  with  a  greenish  tinge,  iustt: 
metallic. 

Chemical  Composition.  Iron  disulfid,  FeSg;  (Fe  =  46.6  pe: 
cent.).     Analyses  often  show  small  amounts  of  As. 

Blowpipe  Tests.     The  same  as  for  pyrite. 

Uses.  If  found  in  sufficient  quantity,  marcasite  could  t- 
used  in  the  manufacture  of  sulfuric  acid. 

Occurrence.     1.  In  sedimentary  rocks,  often  in  concretions. 
2.  As  a  vein  mineral,  but  not  so  common  as  pyrite. 
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ARSENOPYRITE,  FeAsS 

Form.  Arsenopyrite  is  found  in  well-formed  crystals,  as  well 
as  in  disseminated  grains  and  compact  masses.  The  crystals 
are  orthorhombic,  similar  in  habit  and  angles  to  marcasite.  Figs. 
416  and  417  represent  typical  crystals  with  the  forms  m{110}, 
c{001}  andw{014}. 


m 


FiQ.  416. 


FiQ.  417. 


H.  =  5i  to6.  Sp.gr.  ±6.0 

Color.     Tin-white  to  light  steel-gray.     Luster,  metallic. 

Chemical  Composition.  Iron  arsenid-sulfid,  FeAsS;  (Fe  = 
34.3,  As  =  46.0,  S  =  19.7).     Often  contains  cobalt. 

Blowpipe  Tests.  On  charcoal  fuses  (at  2)  to  a  magnetic  glob- 
ule and  gives  off  arsin.  In  the  closed  tube  on  gentle  heating 
gives  a  red  sublimate  (AsS),  but  on  further  heating  an  arsenic 
mirror  is  formed. 

Soluble  in  HNO3  with  the  separation  of  S. 

Uses.  Arsenopyrite  is  the  chief  source  of  the  white  arsenic 
(AsjOj)  of  commerce.  At  Deloro,  Canada,  arsenopyrite  is  a 
gold  ore. 

Occurrence.  1.  As  a  vein  mineral.  Arsenopyrite  is  found  in 
the  quartz  veins  of  the  mother  lode  of  California. 


Lollingite,  FeASj 

Form.     Usuall}''   massive,    orthorhombic   crystals   similar   to 
arsenopyrite  being  very  rare. 

H.  =  5i.  Sp.gr.  ±7.1 

Color.     Tin- white  to  steel-gray.     Luster,  metallic. 
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Chemical  Composition.  Iron  arsenid,  FeAsg  (Fe  =  27.2  per 
cent.).     Usually  contains  some  sulfur. 

Blowpipe  Tests.  On  charcoal  fuses  (at  2)  to  a  magnetic  glob- 
ule and  gives  ofif  arsin.  In  the  closed  tube  gives  an  arsenic 
mirror.     Usually  gives  a  faint  sulfur  test  on  a  silver  coin. 

Soluble  in  HNO3. 

Occurrence.     1  As  a  vein  mineral. 

Sylvanite,  AuAgTe^ 

Form.  Sylvanite  occasionally  is  found  in  distinct  monoclinic 
crystals  but  usually  in  branching  crystal  aggregates  or  in  dis- 
seminated grains. 

Cleavage.     In  one  direction  (parallel  to  010). 

H.  =  2.  Sp.gr.  ±8.0 

Color,  silver-white  to  steel-gray.     Luster,  metallic.     Brittle. 

Chemical  Composition.  Gold  and  silver  tellurid,  AuAgTe^ 
(Au  =  24.2  per  cent.;  Ag  =  13.3  per  cent.). 

Blowpipe  Tests.  Easily  fusible  (at  1)  on  charcoal  to  a  gray 
bead  coloring  the  flame  bluish-green  and  giving  a  white  subli- 
mate. With  soda  it  is  reduced  to  a  pale  yellow  button.  The 
powdered  mineral  dropped  in  hot  concentrated  H2SO4  gives  a 
purplish-red  solution. 

Soluble  in  aqua  regia  with  the  separation  of  AgCl. 

Uses.  An  important  ore  of  gold  and  silver.  It  is  found  in 
Boulder  County,  Colorado,  in  West  Australia,  and  in  Transylva- 
nia, Hungary. 

Occurrence.  1.  As  a  vein  mineral.  In  Transylvania  tht 
veins  occur  in  dacites. 

Calaverite,  AuTej 

Form.  Calaverite  usually  occurs  in  small  striated  elongated 
crystals  along  seams.  The  crystals  are  complex  monoclinic. 
some  of  the  faces  having  very  high  indices. 

Fracture,  subconchoidal.     No  cleavage. 


SULFIDS,  ARSENIDS,  AND 

a.  =  2i.  Sp.gr.  + 

Dolor.     Pale  brass  yellow,  resembling  | 

[Chemical  Composition.     Gold  telluric 

it.).     Always  contains  some  silver,  u 

It. 

Blowpipe  Tests.     Easily  fusible  (at  1) 

tton  of  gold,  giving  dense  white  fumei 

lis h -green.     With    hot    cone.    HjSO, 

ution. 

Soluble  in  aqua  regia  with  the  separati 

Jses.     An  important  ore  of  gold.     At' 

is  the  chief  source  of  gold.     It  also  oi 

e  name  ia  derived  from  Calaveras  Cou 

■ery  rare  mineral  at  this  locality. 

Occurrence.     1  As  a  vein  mineral.     A 


3.  SULFO-SALTS 

r  CHALCOPYRITE,  CuFeS, 

\  Stannite,  Cu^FeSnS^ 

BORNITE,  Cu^FeS, 

Jamesonite,  Pb^FeSbeS,^ 

Boumonite,  PbCuSbS, 

Pyrargyrite,  AgaSbS, 

Proustite,  Ag^AsS, 

TETRAHEDRITE,  CusSbS, 

Stephanite,  Ag  ^SbS « 

Polybasite,  (Ag,Cu)  idSb^Sn 

Enargite,  CUjAsS^ 

Under  the  sulfo-salts  are  included  certain  compounds  of  sulfur 
salts  of  hypothetical  acids  which  may  be  derived  from  ordinal 
oxygen  acids  by  replacing  S  for  O,  these  two  elements  being  ver 
similar  chemically. 

Three  classes  of  these  compounds  may  be  distinguished:  C 
Sulfoferrites,  derivatives  of  HgFeSg  analogous  to  ferrous  aciii 
HgFeOg.  (2)  Sulfarsenites  and  sulfantimonites,  derivatives  « 
HgAsSg  and  HgSbSg  analogous  to  arsenious  acid,  HgAsOg  an. 
antimonous  acid,  HgSbOg.  (3)  Sulfarsenates  and  sulfantimon- 
ates,  derivatives  of  HgAsS4  and  H3SbS4,  analogous  to  arser: 
acid,  HgAs04,  and  antimonic  acid,  HgSbO^. 

There  are  also  condensed  acids  derived  from  the  above  mer.- 
tioned  acids  by  the  subtraction  or  addition  of  HjS,  just  as  con- 
densed acids  may  be  derived  from  oxygen  acids  by  the  subtrac- 
tion or  addition  of  HjO.  Thus  chalcopyrite,  CuFeSj,  is  a  salt  •■ 
HFeSj  derived  from  HgFeSg  (HgFeSg -H2S=HFeS2).  Jamesi- 
nite  is  a  salt  of  H6Sb3S7(3HgSbSg  — 2H2S).  Stephanite  is  asai- 
of  HgSbS^  (HgSbSg  +  H2S) .  Polybasite  is  a  salt  of  H^^SbjS 
(2HgSbSg  +  5H2S). 
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The  sulfo-salts  are  sometimes  considered  as  double  sulfids. 
Thus  tetrahedrite,  Cu,Sb8j,  is  written  SbjS,-3CujS. 

About  sixty  sulfo-salt  miuerals  are  known,  but  most  of  them 
are  rare. 


CHALCOPYRITE,  CuFeS, 

Form.  Chalcopyrite  occurs  in  crystals,  in  masses,  and  dis- 
seminated through  the  rock.  The  crystals  belong  to  the  tet- 
ragonal system,  scalenohedral  class,  but  are 
pseudo tetragonal  and  pseudo-octahedral  in 
form.  Fig.  418  represents  a  common  type  of 
crystal  with  the  forms  pjlll]  and  2J201|. 
This  resembles  a  tetrahedron,  but  is  distin- 
guished by  the  striations. 

H.=3i  to  4.  Sp.  gr.  +  4.2 

Color.     Brass  yellow  often  with  iridescent  p^^  4jg 

tarnish.     Metallic  luster. 

Chemical  Composition.  Cuprous  sulfoferrite,  CuFeSt;  (Cu  = 
34.5  per  cent.).  Variations  from  this  formula  are  usually  due  to 
admixed  pyrite. 

Blowpipe  Tests.  On  charcoal  fusible  (at  2)  to  a  magnetic 
globule  which  heated  with  soda  gives  a  copper  button.  In  the 
closed  tube  decrepitates  and  gives  a  sublimate  of  sulfur. 

Soluble  in  HNO,  to  a  green  solution  with  the  separation  of  sul- 
fur. 

Uses.     Chalcopyrite  is  the  principal  ore  of  copper. 

Occurrence.  1.  As  a  vein  mineral  associated  with  pyrite, 
galena,  sphalerite,  tetrahedrite,  etc. 

2.  Id  basic  igneous  rocks  with  pyrrhotite,  perhaps  as  a  mag- 
matie  separation.    Sudbury,  Canada. 

3.  Disseminated  through  massive  pyrite. 

4.  In  fahlbanda  of  schists  and  gneisses. 

5.  As  a  contact  mineral  with  magnetite  or  hematite. 
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Stannite,  CujFeSnS^ 

Form.  Stannite,  though  usually  massive,  is  sometimes  found 
in  crystals  which  are  similar  to  chalcopyrite  in  form. 

H.  =  4.  Sp.gr.  ±4.5 

Color.     Gray-bronze.     Metallic  luster. 

Chemical  Composition.  Copper  sulfoferrite-sulfostannite 
Cu2FeSnS4,  like  chalcopyrite,  but  with  half  of  the  iron  replaced 
by  tin.     (Sn  =  27.6  per  cent.) .     It  usually  contains  zinc. 

Blowpipe  Tests.  Fusible  (at  IJ)  on  charcoal,  giving  a  straw- 
colored  sublimate  of  SnOj  near  the  assay.  With  NajCOg  on 
charcoal  (R.F.)  gives  metallic  globules. 

Soluble  in  HNO3  to  a  green  solution  with  the  separation  of  ^ 
and  HjSnOg  (white  residue). 

Occurrence.  1.  As  a  vein  mineral  it  occurs  in  Cornwall  and 
Bolivia,  where  it  is  associated  with  other  sulfo-salts  and  with 
cassiterite. 

BORNITE,  CUgFeS, 

Form.     Bornite  occurs  in  masses,  very  rarely  in  rough  cubit 
crystals. 
H.=3.  Sp.gr.  ±5.1 

Color.  A  brownish-red  bronze  with  purple  tarnish.  Metallic 
luster. 

Chemical  Composition.  Copper  sulfoferrite,  CugFeS^;  (Cu= 
63.3  per  cent.).  Analyses  vary  widely  due  to  intermixture  wi:^ 
chalcopyrite  and  chalcocite. 

Blowpipe  Tests.  Fusible  (at  2^)  on  charcoal  R.F.  to  a  magnet: 
globule.     In  the  closed  tube  gives  a  faint  sublimate  of  sulfur. 

Soluble  in  HNOg  to  a  green  solution  with  the  separation  of  S 

Uses.  Bornite  is  an  important  ore  of  copper.  It  occurs  s* 
Butte,  Montana,  intimately  associated  with  chalcocite. 

Occurrence.  1.  As  a  vein  mineral  associated  with  chalcocite 
and  chalcopyrite. 
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Occurrence.     1.  As  a  vein  mineral  associated  with  sulfids  and 
other  sulfo-salts. 

RUBY  SILVER  GROUP— HEXAGONAL 

Pyrargyrite,  AggSbSg,  and  proustite,  Agg AsSg,  constitute  an 
isomorphous  group,  for  they  both  crystallize  in  the  ditrigonal 
pyramidal  class  with  almost  identical  interfacial  angles.  They 
both  have  a  very  high  index  of  refraction  and  very  strong  double 
refraction.  Pyrargyrite  often  contains  As,  while  proustite  often 
contains  Sb,  but  the  two  compounds  do  not  seem  to  mix  in  all 
proportions  (Miers). 

Pyrargyrite,  AggSbSg 

Form.  Pyrargyrite  often  occurs  in  small  well-defined  crystals 
belonging  to  the  ditrigonal  pyramidal  class.  The  habit  is  usually 
prismatic,  the  hexagonal  prism  { 1120} ,  being  the  dominant  form. 

Opposite  ends  of  the  crystal  are  differently 
terminated.      Fig.    419    represents    a    typical 
crystal,    the    striations   indicating   the    hemi- 
morphic  character. 
H.=2i.  Sp.gr.  ±5.8 

Color.  Dark  red  to  black.  Translucent  red 
on  thin  edges.  Streak  purple-red.  Luster 
metallic-adamantine. 

Optical    Properties.       n^(3.08)  -  n^(2.88)  = 
0.20.     Fragments  are  irregular  and  red  in  color, 
with  high  order  interference  colors. 

Chemical  Composition.  Silver  sulfantimonite,  AggSbSg;  (Ag  = 
59.9  per  cent.).     Arsenic  replaces  antimony  to  some  extent. 

Blowpipe  Tests.  On  charcoal  fuses  easily  (at  1)  to  a  globule  of 
silver  sulfid  giving  a  white  sublimate.  This  globule  with  soda  in 
R.F.  gives  a  silver  button.  Heated  intensely  in  the  closed  tube 
gives  a  slight  red  sublimate. 


Fig.  419. 
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Decomposed  by  HNO3  with  the  separation  of  sulfur  and  a 
white  residue. 
Uses.     A  valuable  ore  of  silver. 

Occurrence.  1.  As  a  vein  mineral  often  formed  by  secondary 
enrichment. 

Proustite,  AggAsSg 

Form.  Crystals  resemble  those  of  pyrargyrite.  Also  massive 
and  in  crusts. 

H.  =  2  to  2 J.  Sp.  gr.±5.6 

Color.  Red.  Translucent  in  large  pieces.  Streak  vermilion 
red.     Luster,  adamantine. 

Optical  Properties.  n^(3.08)  -  n^(2.79)  =  0.29.  Fragments 
are  irregular  and  red  in  color,  with  high-order  interference  colors. 

Chemical  Composition.  Silver  sulfarsenite,  AgjAsSs;  (Ag  = 
65.4  per  cent.).     Antimony  often  replaces  part  of  the  arsenic. 

Blowpipe  Tests.  On  charcoal  fuses  easily  (at  1)  to  a  globule 
and  gives  off  fumes  of  arsin.  The  globule  heated  with  soda  gives 
|a  silver  button.     In  the  closed  tube  gives  a  yellow  sublimate 

pf      ASjSg. 

Decomposed  by  HNOg  with  the  separation  of  sulfur.  The 
solution  treated  with  (NHJjMoO^  and  boiled,  will  yield  a  yellow 
precipitate  of  ammonium  arsenomolybdate. 

Uses.  Proustite  is  a  valuable  ore  of  silver  occurring  with 
ifther  silver  minerals. 

i  Occurrence.  1.  As  a  vein  mineral  often  formed  by  secondary 
Enrichment.  .  Guanajuato,  Mexico  and  Chanarcillo,  Chili,  are 
Drominent  localities. 

TETRAHEDRITE,  CUgSbSg 

Form.  Tetrahedrite  occurs  in  masses  and  also  in  crystals 
belonging  to  the  hextetrahedral  class  of  the  isometric  system. 
The  common  forms  are  the  tetrahedron  o{lll},  the  tristetrahe- 
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dron   n{211},    and  the   dodecahedron  d{110}.     Figs.    420-42:: 
represent  typical  crystals. 
H.  =  3i-4.  Sp.gr.  ±4.8 

Color.     Dark  iron-gray.     Metallic  luster.     Brittle. 

Chemical  Composition.    Copper  sulf  antimonite,  CugSbSg ;  (Cu^ 
46.8  per  cent.  Sb  =29.6,  S  =23.0).     The  copper  is  often  replaces 


FiQ.  420. 


Fig.  421. 


Fig.  422. 


Fio.  423. 


by  Fe,  Zn,  Ag,  or  Hg  and  the  antimony  by  arsenic.     The  follov 
ing  analyses  illustrate  the  variation  in  chemical  composition. 


Cu 


Sb 


s 


As 


Fe 


Zn 


Ag 


Mbc. 


Fresney  d'Oisans . . 
Kapnik,  Hungary. 
Machetillo,  Chili  . . 
Cabamis  Co.,  N.  C 
Poracs,  Hungary.. 
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11.5 

1.4 

2.5 

32.8 

30.2 
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0.6 
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Hg=; 


Blowpipe  Tests.  Easily  fusible  (at  IJ)  giving  dense  whi 
fumes  and  a  white  sublimate  near  the  assay.  The  resiui 
heated  with  soda  in  R.F.  gives  metallic  copper.  In  the  clo^ 
tube  gives  a  dark  red  sublimate  (SbjSbgO). 

Soluble  in  HNOg  to  a  green  solution  with  the  separation 
sulfur  and  a  white  residue,  HSbOg. 

Uses.  Tetrahedrite  is  an  ore  of  copper  and  is  known 
miners  as  "gray  copper.''  Argentiferous  tetrahedrite  or  frei' 
gite  is  an  ore  of  silver. 

Occurrence.     1.  As  a  vein  mineral  often  associated  with  cl 


^«#*  •  fc^^^^r 
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copyrite.     Cornwall,  England;  and  Oruro,  Bolivia,  are  prominent 
localities. 

2.  In  fahlbands  of  schists,  fahierz  being  the  German  name  for 
tetrahedrite. 

Stephanite,  AggSbS^ 

Form.  Stephanite  occurs  disseminated,  compact  massive, 
more  rarely  in  crystals.  The  crystals  are  orthorhombic,  but 
pseudohexagonal  and  short  prismatic  in  habit. 

H.=2i.  Sp.gr.  ±6.2 

Color.     Dark  gray  to  black.     Very  brittle.     Metallic  luster. 

Chemical  Composition.  Silver  sulfantimonite,  AggSbS^;  (Ag  = 
68.5  per  cent.). 

Blowpipe  Tests.  On  charcoal  easily  fusible  (at  1)  to  a  globule 
giving  dense  fumes  and  a  white  sublimate  of  SbjOg.  The  globule 
leated  with  soda  R.F.  gives  a  silver  button. 

Decomposed  by  HNOg  with  the  separation  of  sulfur  and  a 
^^hite  residue. 

Uses.  A  valuable  ore  of  silver.  It  was  a  prominent  mineral 
n  the  Comstock  Lode  of  Nevada.  Stephanite  is  known  to 
niners  as  "brittle  silver.'' 

Occurrence.     1.   As  a  vein  mineral.     ' 

Polybasite,  (Ag,Cu)ieSb2Sn 

Form.  Polybasite  usually  occurs  in  monoclinic  pseudo-hexa- 
;onal  crystals  of  tabular  habit.  The  basal  pinacoid  has  triangu- 
a,r  striations  which  distinguishes  it  from  other  similar  minerals. 

H.  =  2i.  Sp.gr.  ±6.1 

Color.     Iron  black.     Metallic  luster. 

Optical  Properties.  n>1.93.  The  thinnest  fragments  are 
eep  red  translucent. 

Chemical  Composition.  Silver-copper  sulfantimonite  (Ag,Cu)  ^g- 
bgSii;  (Ag  =  about  70  per  cent.).  Polybasite  usually  contains 
rsenic  and  grades  into  pearceite,  (Ag,0u)iQAs2Sii. 

17 
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Blowpipe  Tests.  On  charcoal  fuses  easily  (at  1)  to  a  globule 
and  gives  a  white  sublimate.  The  globule  heated  with  soda 
gives  a  metallic  button.  In  order  to  get  pure  silver  it  is  neces- 
sary to  cupel  the  button. 

Decomposed  by  HNO3  with  the  separation  of  sulfur  and  a 
white  residue. 

Uses.  Polybasite  is  an  ore  of  silver.  It  occurs  at  Tonopah, 
Nevada,  and  at  several  mines  in  Colorado. 

Occurrence.  1.  As  a  vein  mineral,  usually  due  to  secondan- 
enrichment. 

Enargite,  CugAsS^ 

Form.  Enargite  occurs  in  columnar  masses  and  also  in  pris- 
matic orthorhombic  crystals. 

Cleavage.     In  two  directions  at  angles  of  82^  to  each  other. 

H.=3.  Sp.  gr.±4.4 

Color.     Dark  gray  to  black. 

Chemical  Composition.  Copper  sulf arsenate,  CugAsS^;  (Cu  = 
48.3  per  cent.).  Usually  contains  a  little  antimony  and  a  little 
iron. 

Blowpipe  Tests.  Easily  fusible  at  1,  sulfur  dioxid  masking  the 
odor  of  arsin.  In  the  closed  tube  gives  a  sublimate  of  sulfur. 
In  the  open  tube  deposits  minute  octahedral  crystals  of  AsjOj 
with  adamantine  luster. 

Soluble  in  HNO3. 

Uses.  Enargite  is  an  ore  of  copper,  occurring  at  Butte. 
Montana,  and  at  many  localities  in  South  America.  Near  Butte 
white  arsenic  is  recovered  from  smelter  smoke. 

Occurrence.  1.  As  a  vein  mineral.  At  Tintic,  Utah,  enargite 
is  the  original  source  of  several  copper  arsenate  minerals. 


4.  HALOIDS 

A .  Normal  anhydrous  haloids 

HALITE  NaCl 

Sylvite  KCl 

Sal-ammoniac  NH^Cl 

Cerarg]rrite  AgCl 

FLUORITE  CaF^ 

Cryolite  SWaFAlF, 

B.  Basic  and  hydrous  haloids 

Atacamite  Cu2(OH)3Cl 

Camallite  KMgCls-eH^O 

The  haloids  comprise  chlorids,  bromids,  iodids,  and  fluorids, 
i  which  are  salts  of  HCl,  HBr,  HI,  and  HF  respectively.     Com- 
paratively few  haloids  occur  in  nature,  but  several  of  them  are 
very  common  minerals.     The  haloid  minerals  may  be  assembled 
in  two  groups. 

HALITE,  NaCl 

Form.  Halite  occurs  in  crystals,  and  in  cleavable,  granular, 
and  fibrous  masses.  Crystals  are  isometric,  usually  cubes  (Fig. 
424),  sometimes  hopper-shaped  (Fig.  425),  rarely  in  octahedrons 
or  cubo-octahedrons  (Fig.  426) . 

Cleavage.  The  perfect  cubic  cleavage  is  a  marked  feature  of 
halite.  A  dodecahedral  {110}  parting  is  developed  by  pressure 
applied  on  the  cube-edges  by  a  hammer  or  in  a  vise  (Fig.  307, 
page  106). 

H.  =  2J.  Sp.gr.  ±2.1 

Color.  Colorless  and  white.  Often  reddish,  gray,  or  deep  blue 
in  patches. 

Optical  Properties.  Isotropic,  n  =  1.54.  Recrystallizes  from  a 
water  solution  in  squares,  often  hopper-shaped  (Fig.  427),  which 
are  dark  between  crossed  nicols  and  have  low  relief  in  oil  of  cloves. 
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Chemical  Composition.     Sodium  chlorid,  NaCl;  (Na  =  39.4  per 

cent.)-  Halite  may  contain  MgCl„MgSOj,CaClj,  and  CaSO,.  it 
is  to  tliese  impurities  that  the  deliquescence  of  table  salt  is  due. 

Blowpipe  Tests.  Fuses  easily  (1)  giving  an  intense  yellow 
flame.     With  CuO  in  NaPOj  bead  gives  an  azure-blue  flame. 

Soluble  in  water. 


Uses.  Halite  is  the  chief  source  of  sodium  compounds  used 
principally  in  the  manufacture  of  soap  and  glass.  It  is  also  used, 
extensively  as  table  salt  and  as  a  preservative.  Salt  brinc> 
furnish  bromin.  Salt  is  obtained  (1)  directly  by  the  mining  of 
rocksalt  as  at  Petite  Anse,  Louisiana,  and  Lyons,  Kansas;  (2)  by 
pumping  brine  to  surface  and  evaporating  as  at  Syracuse,  New 
York,  and  Hutchinson,  Kansas;  and  (3)  by  solar  evaporation  a^ 
at  Great  Salt  Lake,  Utah. 

Occurrence.  1.  Occurs  in  beds  associated  with  anhydriie. 
gypsum,  and  occasionally  with  other  ehlorids  and  sulfates.  Theff 
deposits  are  formed  by  the  evaporation  of  sea-water.  Important 
localities  are  Stassfurt,  Germany;  Wieliczka,  Poland;  Cheshire. 
England;  western  New  York;  Saginaw,  Michigan;  and  central, 
Kansas. 

Sylvite,  KCl 

Form.     Sylvite  occurs  in  cleavable  and  granular  masses  and  ir.! 

well-formed  cubic  or  cubo-octahedrat   (like  Fig.  426)    crystal.'. 

Etch-figures  indicate  that  sylvite  belongs  to  the  gyroidal  class  of' 

the  isometric  system. 
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Cleavage.     Perfect  cubic  cleavage. 

Color.     Colorless  or  white.     Taste,  sharp  saline. 

H.  =  2.  Sp.gr.  ±2.0 

Optical  Properties.  Isotropic.  n  =  1.49(<oil  of  cloves).  Re- 
crystallizes  from  water  solution  in  square  crystals  with  a  tendency 
toward  skeleton  crystals  (Fig.  428). 

Chemical  Composition.  Potassium  chlorid,  KCl;  (K  =  52.4 
per  cent.) .     It  may  contain  NaCl. 

Blowpipe  Tests.  Fuses  easily  (IJ)  coloring  the  flame  violet. 
With  CuO  in  NaPOg  bead  gives  an  azure-blue  flame. 

Soluble  in  water. 

Uses.     Used  as  a  fertilizer  and  a  source  of  potassium  salts. 


Fig.  428. — Sylvite  recrystallized. 


Fio.  420. — Sal-ammoniac  recrystallized. 


Occurrence.  1.  In  salt  beds  with  halite,  anhydrite,  kainite, 
and  carnallite.  It  is  mostly  a  secondary  mineral  formed  from 
carnallite  (RMgClg-GHjO).     Stassfurt,  Germany. 

2.  As  a  volcanic  sublimate  on  lava.     Vesuvius. 

Sal-ammoniac,  NH^Cl 

Form.  A  rare  mineral  occurring  as  an  incrustation.  The 
usual  crystals  are  distorted  dodecahedrons.  The  biting  taste  is 
the  easiest  method  of  recognizing  the  mineral. 

H.  =  li.  •  Sp.gr.  ±1.5 

Tests.  Optically  isotropic,  n  =  1.64.  Recrystallizes  from  water 
solution  in  branching  crystal  aggregates  (Fig.  429).     Volatilizes 
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without  fusion.  Heated  in  the  closed  tube  with  KOH  or  CaO 
(made  by  heating  calcite)  it  gives  oflf  NH3.     Soluble  in  water. 

Occurrence.     1.  Occurs  as  a  volcanic  sublimate.     Vesuvius. 

2.  Occurs  on  coal-mine  dumps  (heat  is  due  to  spontaneous 
combustion).     Leavenworth,  Kansas. 

Cerarg]rrite,  AgCl 

Form.     Cerargyrite  usually  occurs  as  a  thin  crust  or  seam,  but 
small  cubic  crystals  are  also  found. 
H.  =  li.  Sp.gr.  ±5.5 

Color.     Gray,  greenish,  or  violet.     Very  sectile. 

Optical  Properties.     Isotropic.     n  =  2.06.     May  be  hammered 
to  a  thin  sheet  which  is  translucent,  but  dark  between  crossed 
nicols.     A  few  drops  of  NH^OH  will  give  minute  octahedral  j 
crystals  (AgCl). 

Chemical  Composition.  Silver  chlorid,  AgCl;  (Ag  =  75.3  per 
cent.). 

Blowpipe  Tests.  On  charcoal  fuses  easily  (1),  giving  a  silver 
button.  A  fragment  touched  with  a  NaPOg  bead  saturated  with 
CuO  gives  an  intense  azure-blue  flame. 

Insoluble  in'  acids,  but  soluble  in  NH4OH. 

Uses.-  :^^  ore  of  silver  in  Idaho,  Nevada,  Mexico,  and  Chili. 
The  miner's  name  is  "horn-silver." 

Occurrence.  1.  A  secondary  mineral  in  the  upper  part  of  ore- 
deposits.  It  is  formed  by  the  action  of  chlorid-bearing  waters  on 
other  silver  minerals,  and  therefore  is  prominent  in  arid  regions. 

FLUORITE,  CaF^ 

Form.  Fluorite  usually  occurs  in  cleavable  masses,  but  also 
often  in  distinct  crystals.  The  crystallization  is  isometric 
(hexoctahedral  class).  Usual  forms:  a {100},  /{310},  ^{421j. 
(i{110},o{lll}.  The  habit  is  practically  always  cubic,  the  other 
forms  being  subordinate.  Octahedral  crystals  are  rare.  At 
some  localities  apparent  octahedra  are  built  up  of  minute  cubes 
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in  parallel  position.  Figs.  430  to  433  represent  typical  crystals  of 
fluorite.  Fig.  433  is  a  penetration  twin  with  the  cube-diagonal 
as  twin-axis.  Vicinal  faces  with  high  indices  such  as  {32- 1-0}. 
are  often  found  on  these  crystals. 

Cleavage.  One  of  the  most  important  characters  of  fluorite  is 
the  perfect  octahedral  cleavage.  On  a  cube  this  will  show  as 
triangular  faces  at  the  vertices,  or  at  least  as  cracks  in  this  direc- 
tion as  in  Fig.  433. 

H.  =  4.  Sp.gr.  ±3.2 

Color.  Usually  some  tint  or  shade  of  violet,  green,  or  yellow. 
It  is  also  white,  colorless,  and  pink.  The  color  is  probably  due 
to  hydrocarbons.  Some  crystals  from  Cumberland  are  green  by 
transmitted  light,  but  blue  by  reflected  light.     This  property. 


Fig.  .430. 


FiQ.  431. 


Fig.  432. 


Fig.  433. 


also  possessed  by  some  aniline  colors  such  as  red-ink,  is  known  as 
fluorescence,  a  name  derived  from  the  mineral  fluorite.  Some 
varieties  of  fluorite  are  also  phosphorescent,  that  is,  after  being 
heated,  continue  to  emit  light  in  the  dark. 

Optical  Properties.  Isotropic.  ri  =  1.43,  hence  high  relief  in 
oil  of  cloves.  Fragments  are  triangular  and  dark  between 
crossed  nicols.     (See  Fig.  387.) 

Chemical  Composition.  Calcium  fluorid  CaFj;  (F  =  48.9  per 
cent.).  Free  fluorin  has  been  detected  in  some  fluorite.  Fluor- 
ite is  the  only  common  compound  of  fluorin  occurring  in  nature. 

Blowpipe  Tests.  In  the  closed  tube  decrepitates.  Fuses  (at 
3)  to  an  enamel  coloring  the  flame  red. 

Soluble  in  H2SO4  with  evolution  of  HF,  which  etches  glass. 

Uses.     The  main  use  of  fluorite  is  a  flux  in  iron  smelting  and 


302        INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

foundry  work.  Western  Kentucky  and  southern  Illinois  are  the 
principal  sources  of  fluorite  in  this  country.  Minor  uses  are  the 
manufacture  of  enamels,  opalescent  glass,  and  hydrofluoric  acid. 
Moissan  in  his  work  on  fluorin  used  vessels  made  of  fluorite. 

Occurrence.  1.  As  a  vein  mineral  associated  with  galena, 
sphalerite,  calcite,  and  barite.  Typical  localities  are  fissure  veins 
in  the  limestone  of  western  Kentucky  and  lead  mines  in  the  north 
of  England,  where  magnificent  museum  specimens  are  found. 

2.  In  tin-stone  veins  associated  with  cassiterite,  apatite,  topaz, 
and  lepidolite.     Zinnwald,  Bohemia. 

3.  In  limestones.     St.  Louis,  Missouri. 

Cryolite,  SNaFAlFg 

Form.  Massive  and  in  pseudo-cubic  (monoclinic)  crj^stals 
often  in  parallel  position. 

Cleavage.     Imperfect  in  three  directions  at  nearly  right  angle?. 

H.  =  2i.  Sp.gr.  ±3.0. 

Color.     White,  sometimes  brown.     Translucent. 

Optical  Properties,  n^  =  1 .36.  Low  relief  in  water  (for  water, 
71  =  1 .33) .  Double  refraction  very  weak.  Fragments  are  roughly 
rectangular  or  irregular.     Interference  colors  are  first  order  gray. 

Chemical  Composition.  Sodium  aluminum  fluorid,  3NaF-AlF,: 
(Al  =  12.8  per  cent.,  Na  =  32.8). 

Blowpipe  Tests.  Easily  fusible  (1)  giving  an  intense  yellow 
flame. 

Soluble  in  HgSO^  with  the  evolution  of  HF. 

Uses.  Formerly  used  as  a  source  of  aluminum,  but  now  used  a- 
a  bath  in  the  electrolytic  production  of  aluminum  from  bauxite. 
Also  used  in  the  manufacture  of  sodium  and  aluminum  salts  a* 
Natrona,  Pennsylvania.    The  mineral  is  shipped  from  Greenlami. 

Occurrence.  1.  In  granite-pegmatites.  The  most  import  an* 
locality  is  Ivigtut,  in  southern  Greenland,  where  an  inamenst 
vein-like  mass  of  cryolite  occurs  in  gneiss.  At  St.  Peter's  Donit 
in  El  Paso  County,  Colorado,  cryolite  occurs  in  veins  in  granite. 


Atacamite,  Cu2(0H)sCl 

Form.  Atacamite  occurs  in  crystal  aggregates,  and  in  massive 
and  incrusting  forms.  Crystals  are  orthorhombic  and  prismatic 
in  habit. 

Cleavage  in  one  direction. 

H.=3  to  3i.  Sp.  gr.±3.7. 

Color,  bright  to  dark  green.     Streak,  pale  green. 

Optical  Properties,  m/1.88)  -  tt„{1.83)  =  0.05.  Fragments 
are  prismatic  with  parallel  extinction  and  are  green  in  color. 

Chemical  Composition.  Basic  cupric  chlorid,  Cuj(OH),Cl  or 
CuCl,-3Cu(0H)j;  (H,0  =  12.7  per  cent). 

Blowpipe  Tests.  The  principal  blowpipe  teat  is  the  blue  flame 
given  without  the  use  ofHCl.  Fusible  at  3^.  In  the  closed  tube 
gives  water  which  has  an  acid  reaction. 

Soluble  in  acids. 

Occurrence.  1.  A  secondary  mineral  found  especially  in  the 
desert  regions  of  Chili  and  Lower  California. 

CamaUite,  KHgClj-SH^O  - 

Form.  Massive  or  granular.  Crystals  (orthorhombic)  are 
very  rare. 

Cleavage.      No  cleavage,  but  has  con- 
ch oidal  fracture. 

H.  =  l.  Sp.gr.  ±1.6. 

Color.      Colorless  or  reddish.      Luster, 
greasy.     Very  deliquescent. 

Optical    Properties.      n,C1.49)-n„(1.46) 
=  0.03.      Re  crystallized  from  water  solu- 
tion it  forms  in  order  (1)  isotropic  squares  p^^  ^^ 
of  KCI,  (2)  rectangular  twinned  crystals  of 
KMgCls  6HjO,  and  (3)  streaked  aggregates  of  MgCl,  (Fig.  434). 

Chemical  Composition.  Hydrous  potassium  magnesium  chlo- 
rid KMgCl3'6H,0  or  KClMgCl,-6HjO;  (KCI  =26.8  per  cent.) 
(H;O  =  39.0  per  cent.). 
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Blowpipe  Tests.  Fusible  at  IJ,  coloring  the  flame  violet.  With 
CuO  in  NaPOj  bead  gives  an  azure-blue  flame.  Gives  abundant 
water  in  the  closed  tube. 

Soluble  in  water. 

Uses.  Carnallite  is  used  as  a  fertilizer  and  in  the  manufacture 
of  potassium  salts.  KCl  crystallizes  out  of  a  water  solution  of 
carnallite. 

Occurrence.  1.  In  salt  beds  associated  with  anhydrite, 
halite,  sylvite,  and  kainite.  Stassfurt,  Prussia,  is  the  only  promi- 
nent locality. 


5.  OXIDS 

QUARTZ, 

SiO^ 

CHAT^CEDOIfY, 

SiOa 

ICE, 

H^O 

CUPRITE, 

CugO 

Zincite, 

ZnO 

Melaconite, 

CuO 

CORUNDUM, 

AI.O3 

HEMATITE, 

Fe^Oa 

CASSITERITE, 

SnOs 

RUTILE, 

TiOa 

PYROLUSITE, 

MnO^ 

Among  the  oxids  are  some  of  the  most  common  and  widely 
distributed  minerals.  The  oxids  of  silicon  are  placed  first  and 
after  them  the  monoxids  RjO  and  RO,  the  sesquioxids,  R2O3,  and 
the  dioxids,  ROj,  in  order. 

The  minerals  of  the  spinel  group,  sometimes  considered  as 
double  oxids  of  the  type  RORgOg,  are,  in  this  book,  placed  in  a 
separate  division,  the  aluminates,  ferrites,  etc. 

QUARTZ,  SiOg 

Form.  Crystals  of  quartz  are  very  common,  both  large  and 
small,  loose  and  attached.  There  are  crystalline,  aggregates  of 
various  kinds  as  well  as  massive,  granidar,  and  compact  varieties. 

Quartz  crystallizes  in  the  trigonal  trapezohedral  class  of  the 
hexagonal  system.  c  =  1.099.  Usual  forms:  r{1011j,  ^{Olll}, 
m{10T0},  s{1121}^  a;{5161}.  Interfacial  angles:  w(10T0:10Tl) 
=  38°_13';  _r2(10Tl:0lTl)=46^  16';  ms(10T0:lT21)  =37°  58'; 
mx(1010:5161)=12°  1';  mm(10T0:0lT0)  =60°  0'.  Figs.  435- 
438  represent  typical  crystals.  The  habit  varies  from  prismatic 
to  pyramidal.     The  two  rhombohedrons  T  and  z  are  often  in  equal 
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combination  (Figs.  435,  438)  and  are  apparently  a  hexagonal 
bipyramid.  The  s  face  at  alternate  vertices  proves  the  trigonal 
character.     Figs.  375  and  376  are  more  complex  (page  152). 

Cleavage,  practically  absent  (an  imperfect  cleavage  parallel  in 
r  is  occasionally  noticed). 

H.  =  7.  Sp.  gr.  +  2.66. 

Color,  more  often  white  or  colorless,  but  may  be  any  color. 
Luster,  vitreous.     Transparent  to  translucent,  rarely  opaque. 


Optical  Properties.  n^(I.553)-n„(1.544)  =0.009.  Double 
refraction  rather  weak.  Fragments  are  irregular,  with  low 
relief  in  oil  of  cloves  (n>oil  of  cloves)  and  upper  first  order 
interference  colors. 

In  thick  basal  ( 1  to  c-axiaV  feetions  quartz  shows  rotary  polari- 
zation, i.e.,  in  mono  chromatic  light  a  section  only  becomes  dart 
by  rotating  one  nicol.  For  red  light  the  angle  of  rotation  i^ 
13°  for  each  millimeter  of  thickness. 

Chemical  Composition.  Silica  or  silicon  dioxid,  SiO,.  Varia- 
tions in  analyses  are  duri  to  inclusions  such  as  chlorite,  tourma- 
line, rutile,  etc. 

Blowpipe  Tests.  Inftoible  even  on  the  thinnest  edges.  Whcr. 
fused  with  an  equal  v  ilume  of  soda,  it  effervesces  and  gives  s 
colorless  glass.     Insoluble  in  a  NaPOj  bead. 


OXIDS  307 

Insoluble  in  ordinary  acids.     Soluble  in  HF. 

Uses.  Quartz  in  the  form  of  rock  crystal,  amethyst,  and 
smoky  quartz  is  used  for  ornamental  purposes,  in  the  form  of  rock 
crystal  for  optical  instruments,  in  the  form  of  sand  for  glass- 
making,  and  in  the  form  of  pulverized  quartz  for  pottery  and  por- 
celain and  as  an  abrasive. 

Occurrence.  1.  As  a  normal  constituent  of  the  acid  igneous 
rocks  (rhyolites  and  granites). 

2.  As  an  abnormal  constituent  of  the  basic  igneous  rocks,  espe- 
cially basalts  (quartz-basalts) . 

3.  As  a  vein  mineral,  often  the  gangue  of  ores.  Quartz 
is  the  most  common  vein  mineral. 

4.  As  the  chief  constituent  of  sandstones  and  quartzites. 

5.  As  a  secondary  mineral  in  various  rocks,  disseminated,  in 
cavities,  and  impregnating  the  rock. 

6.  As  petrifactions  and  pseudomorphs  after  various  minerals. 

7.  As  the  chief  constituent  of  river  and  beach  sands. 


CHALCEDONY,  SiO^ 

Form.  Chalcedony  occurs  in  mammillary,  botryoidal,  and 
stalactitic  forms  as  well  as  massive  and  compact.  Although 
chalcedony  is  never  found  in  distinct  crystals,  it  is  crystalline 
as  the  examination  of  thin  sections  or  fragments  in  polarized 
light  will  show. 

Fracture,  more  or  less  conchoidal.     No  cleavage. 

H.=7.  Sp.gr.  ±2.6. 

Color,  colorless,  white,  or  any  color,  often  banded  and  varie- 
gated. Red  and  brown  varieties  are  called  jasper  and  the 
sanded  and  variegated  varieties,  agate.  Translucent  to  opaque. 
Luster,  waxy  to  dull. 

Optical  Properties.  n^  =  1.537.  Double  refraction  rather 
^eak.  Fragments  are  irregular  with  n  about  the  same  as  oil  of 
;loves.     The  aggregate  structure  with  low  order  interference 
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colors  in  spots  and  streaks  is  highly  characteristic  of  chalcedony 
and  distinguishes  it  from  quartz. 

Chemical  Composition.  Silica,  SiOj.  It  often  contains  iron 
oxid. 

Blowpipe  Tests.     Same  as  for  quartz. 

Chalcedony  is  more  soluble  in  KOH  than  quartz. 

Uses.  Agate,  chrysoprase  (apple  green  translucent  chalced- 
ony), and  jasper  are  used  as  ornamental  stones. 

Occurrence.  1.  As  a  secondary  mineral  in  seams  and  cavities 
of  various  rocks,  especially  the  volcanic  igneous  rocks. 

2.  As  chert  or  flint,  and  jasper,  which  occur  in  concretions, 
lenses,  or  layers  in  sedimentary  rocks.  In  the  Joplin  district 
the  zinc  ores  occur  in  a  brecciated  chert,  which  covers  large  areas. 
Cherts  and  flints  are  usually  formed  by  the  replacement  of  lime- 
stones by  silica. 

Other  Forms  of  Silica 

Besides  quartz,  chalcedony,  and  opal  (hydrated  silica),  there 
are  a  number  of  other  forms  of  silica  and  at  least  one  of  these, 
tridymite,  ranks  as  a  separate  mineral  species.  Tridymite  is  ai 
biaxial  pseudo-hexagonal  mineral  of  tabular  habit  that  occurs  in 
the  cavities  of  volcanic  rocks. 

It  has  recently  been  shown  that  there  are  two  forms  of  quartz 
The  quartz  of  quartz  veins  formed  from  solutions  is  calleu 
a-quartZj  while  the  quartz  of  igneous  rocks  formed  from  molteii 
magmas  is  called  p-quartz,  a-quartz  crystallizes  in  the  trigona. 
trapezohedral  class  and  has  been  formed  below  575°  C,  while 
^-quartz  probably  crystallizes  in  the  hexagonal  trapezohedral 
class  and  has  been  formed  above  575°  C. 

ICE,  H2O 

Ice  ranks  as  a  mineral,  as  it  is  a  naturally  occurring  substance 
of  definite  composition  and  crystal  form.  Ice  belongs  to  th^ 
hexagonal  system,  but  the  crystal  class  is  not  certain.  Fig.  440 
illustrates  hollow  frost  crystals  observed  by  the  author  in  Palci 
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\lto,  Caiifornia.     Fig.  439  is  a  drawing  of  a  photograph  of  a  snow 
jrystal  taken  by  Mr.  W.  A.  Bentley  in  Vermont. 


Fig.  439.^^Snow  crystal.    Fio.  440. — Frost  crystal. 

CUPRITE,  CUjO 

Form.  Cuprite  is  found  in  crystals,  in  crystalline  aggregates, 
id  in  fine-grained  masses.  Crystals  are  isometric,  the  common 
rms  being  the  cube,  octahedron,  and  dodecahedron.    The  habit 

usually  determined  by  one  of  these  forms.     (Figs.  441-4.) 
ipillary  cuprite  found  in  Arizona  proves  to  be  elongate  cubes. 
H.=3i-4.  Sp.gr.  ±6.0. 


a 


d 


Fio.  441. 


Fia.  442. 


Fig.  443. 


Fig.  444. 


Uolor.     Dark  red  to  brownish-red.     Translucent  to  opaque. 

eak,  brownish-red.     Luster,  metallic-adamantine. 

optical  Properties.     Isotropic.     n  =  2.85.     Fragments  are  ir- 

ular,  translucent  red,  and  dark  between  crossed  nicols. 

;^heniical  Composition.     Cuprous  oxid,  CujO;   (Cu=88.8  per 

t.)-     Iron  oxid  is  the  most  frequent  impurity. 

Uowpipe  Tests.     On  ciiaxcoal  fuses  (2^)  to  a  copper  button. 
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Soluble  in  HNOg  to  a  green  solution. 

Uses.  Cuprite  is  a  valuable  copper  ore  on  account  of  the  high 
percentage  of  copper.     Bisbee,  Arizona,  is  an  important  locality. 

Occurrence.  1.  As  a  secondary  mineral  in  the  oxidized  zone 
derived  from  other  copper  compounds,  especially  native  copper. 

Zincite,  ZnO 

Form.     Zincite    occurs    in    disseminated    grains    or    foliateij 
masses,  very  rarely  in  crystals  (hexagonal) . 
Cleavage  in  one  direction. 

H.  =4  to  4^.  Sp.  gr.  5.5. 

Color,  deep  red.    Streak,  orange.     Luster  metallic-adanaantine 

Optical  Properties.  n>1.93.  Fragments  are  prismatic  o 
irregular,  yellow  or  orange,  and  non-pleochroic. 

Chemical  Composition.  Zinc  oxid,  ZnO;  (Zn=80.3  per  cent! 
Usually  contains  manganese  to  the  extent  of  about  4  per  x^ent. 

Blowpipe  Tests.  Infusible.  Gives  the  bead  tests  for  Mn  an 
the  Co(N03)2  test  for  Zn. 

Soluble  in  HCl. 

Uses.  A  mixture  of  zincite,  franklinite,  and  willemite  mined  i 
Sussex  Co.,  New  Jersey,  is  used  as  a  source  of  zinc  white  (ZnO). 

Occurrence.     1.  Occurs  with  franklinite  and  willemite  in 
crystalline  limestone  in  Sussex  Co.,  New  Jersey.     This  deposit 
probably  due  to  the  metamorphism  of  a  sedimentary  limeston 
containing  calamine  with  some  manganese  and  iron  minerals. 

Melaconite,  CuO 

Form.  Melaconite  is  found  massive  or  earthy,  rarely  in  or} 
talline  scales. 

H.  =  3  to  4.  Sp.  gr.  ± 6.0  (variable) . 

Color,  black.     Luster,  dull  or  earthy.     Opaque. 

Chemical  Composition.  Cupric  oxid,  CuO;  (Cu  =  79.8  pj 
cent.).    It  is  often  mixed  with  MnOj. 
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Blowpipe  Tests.  Infusible.  Gives  flame  and  bead  tests  for 
copper. 

Soluble  in  HNO3  to  a  green  solution. 

Occurrence.  1.  As  a  secondary  mineral  in  the  oxidized  zone 
of  copper  mines.     (Not  as  common  as  cuprite.) 

HEMATITE  GROUP— HEXAGONAL 

Corundum  and  hematite  form  a  perfect  isomorphous  group, 
although  intermediate  compounds  are  lacking.  With  them  is 
sometimes  placed  ilmenite,  but  it  is  more  properly  considered 
a  ferrous  metatitanite,  FeTiOg.  It  belongs  to  a  different  crystal 
class,  the  trigonal  rhombohedral  class. 


CORXJNDUM,  AI2O 


s 


Form.  Corundum  is  found  in  rough  loose  crystals,  in  cleav- 
able  masses  and  disseminated  through  rock  in  small  crystals  or 
grains.     The  crystals  belong  to  the  scalenohedral  class  of  the 
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Fig.  445. 


Fig.  446. 


Fio.  447. 


hexagonal  system.  Usual  forms:  c{0001},  r{1011},  a{1120}, 
n{22i3}.  Interfacial  angles:  cr(0001:10Tl)  =57^_34',^r(10Tl: 
Tl01)=93^  56',  cn(0001:22l3)=61°  11';  nn(2243:4223)  =51° 
58'.  Habit  prismatic  (Fig.  446),  tabular  (Fig.  445),  and  steep 
pyramidal  (Fig.  447).     The  trigonal  character  is  shown  by  the 
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r  faces  at  alternate  vertices  and  by  the  triangular  striations  on  the 
base  c. 

Cleavage.  There  is  often  parting  parallel  to  c  and  r.  The 
rhombohedral  parting  greatly  resembles  cubic  cleavage   (jr  = 

93°  56'). 
H.  =  9.  Sp.gr.  ±4.0 

Color.  Bluish-gray  is  the  most  common  color,  but  brown, 
red,  pink,  bright  blue,  and  white  colors  are  not  at  all  rare. 
Usually  translucent.     Luster  varies  from  vitreous  to  adamantine. 

Optical  Properties.  n^(1.767)  -  n^(1.759)  =  0.008.  Double 
refraction  rather  low.  Fragments  are  irregular  with  low  order 
interference  colors  and  index  of  refraction  greater  than  methylene 
iodid.  Large  deep  colored  fragments  or  small  crystals  are 
often  pleochroic. 

Chemical  Composition.  Alumina  or  aluminum  oxid,  AljOg; 
( Al  =  52.9  per  cent.) .  Emery  is  a  dark-colored  mixture  of  corun- 
dum with  magnetite,  hematite,  or  spinel. 

Blowpipe  Tests.  Infusible.  Heated  with  Co(N03)2  solution. 
it  becomes  deep  blue. 

Insoluble  in  acids.     Decomposed  by  fusion  with  KHSO^. 

Uses.  Certain  varieties  of  corundum  are  valuable  gems. 
Ruby,  the  transparent  red  corundum,  is  even  more  valuable  than 
diamond.  Sapphire  is  the  blue  transparent  corundum.  The 
best  rubies  come  from  Burma  and  the  best  sapphires  from  Ceylon. 

Corundum  is  also  used  as  an  abrasive  either  as  the  pure  cleav- 
able  mineral  or  as  the  mixture  known  as  emery. 

Occurrence.  1.  In  certain  igneous  rocks  such  as  syenites  and 
nepheline  syenites  in  which  an  excess  of  AljOg  has  crystallized 
out  as  corundum,  just  as  an  excess  of  SiOj  crystallizes  as  quartz 
in  granites.  At  Craigmont,  Ontario,  corundum  occurs  in  a 
syenite  and  is  mined  as  an  abrasive. 

2.  In  peridotites  along  the  borders  of  adjacent  rocks.  In 
North  Carolina  the  country  rocks  are  gneisses,  but  the  mode  of 
origin  is  doubtful. 

3.  In  crystalline  limestones  (Burma,  New  York,  New  Jersey). 
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Emery  is  associated  with  limestone  at  Naxos,  Greece,  and  per- 
haps is  the  metamorphic  equivalent  of  bauxite. 

4.  In  sands  and  gravels.  The  gem-bearing  gravels  of  Ceylon 
furnish  sapphire  and  other  varieties  of  corundum. 

HEMATITE,  Fefi^ 

Form.  Hematite  is  found  in  a  variety  of  forms:  small  crystals 
in  cavities,  micaceous,  fibrous,  oolitic,  compact,  and  earthy. 

Crystals  are  hexagonal,  usually  tabular  or  low  rhombohedral 
in  habit  (Figs.  448,  449).  The  island _of  Elba  furnishes  good 
crystals  with  the  forms  i^{10T4},  r{1011}  and  n{2243}  repre- 
sented in  plan  by  Fig.  450. 


Fig.  448. 


Fio.  449. 


FiQ.  450. 


H.=6.  Sp.gr.  ±5.2 

Color.  Iron-black  to  dark  red.  Streak,  brownish-red.  Luster, 
metallic  to  dull.  Opaque,  but  translucent  red  in  thin  scales. 
These  scales  are  dark  between  crossed  nicols  (basal  sections) . 

Chemical  Composition.  Ferric  oxid,  FejOj ;  (Fe  =  70.0  per  cent.) . 
The  iron  is  sometimes  partly  replaced  by  Ti  and  Mg. 

Blowpipe  Tests.  Fusible  with  difficulty  (5J).  On  charcoal 
In  R.F.  becomes  magnetic.     Gives  bead  tests  for  iron. 

Slowly  soluble  in  concentrated  HCl. 

Uses.  Hematite  is  the  principal  ore  of  iron,  the  Lake  Superior 
district  furnishing  the  principal  supply.     (See  page  476.) 

Occurrence.     1.  As   a   metasomatic   replacement   of   cherty 
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iron  carbonate.     This  origin  is  assigned  to  the  Lake  Superior 
hematite. 

2.  As  a  metasomatic  replacement  of  oolitic  limestone  produc- 
ing oolitic  hematite,  the  well  known  Clinton  iron  ore  of  New 
York  and  central  Alabama. 

3.  As  an  alteration  product  of  other  iron  minerals.  The 
fibrous  pencil-ore  of  England  is  supposed  to  be  formed  by  the 
dehydration  of  limonite.  Martite  is  a  pseudomorph  of  hema- 
tite after  octahedral  crystals  of  magnetite. 

4.  As  a  pigment  in  many  minerals  and  rocks,  giving  a  red  color. 
The  red  color  of  orthoclase,  in  many  cases  at  least,  is  due  tc 
minute  scales  of  hematite. 

RUTILE  GROUP— TETRAGONAL 

Cassiterite  (SnOj)  and  rutile  TiOj)  together  with  plattneritd 
(PbOj),  polianite  (MnOg),  zircon  (ZrSiO^  or  ZrOj-SiOj),  and! 
thorite  (ThSi04  or  ThOj-SiOg)  are  isomorphous,  all  being  tetrag- 
onal and  dioxids  of  tetravalent  metals. 

CASSITERITE,  SnO^ 

Form.  Cassiterite  is  found  in  crystals,  crystalline  and  reni- 
form  masses,  pebbles,  and  grains  (stream-tin).  Crystals  ar- 
tetragonal  and  prismatic  or  pyramidal  in  habit.  Twins  arr 
common. 

H.  =  6^.  Sp.  gr.  ±  7.0  (very  heavy) . 

Color,  black  or  brown.     Luster,  adamantine. 

Optical  Properties,  n^  =  (2.09)  -n^(1.99)  -=0.10.  Double  re 
fraction  strong.  Fragments  are  irregular  with  high  order  inter- 
ference colors  and  high  relief  even  in  methylene  iodid.  Some 
varieties  are  pleochroic. 

Chemical  Composition.     Tin  oxid,  SnOg;  (Sn  =  78.6  per  cent. 

Blowpipe  Tests.  Infusible.  Fused  with  soda,  sulfur,  and  » 
little  powdered  charcoal  gives  a  metallic  button  and  a  straw- 
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colored  coating  near  the. assay.  The  coating  heated  with  Co- 
(^03)2  solution  assumes  a  bluish-green  color. 

Insoluble  in  acids. 

Uses.  Cassiterite  is  practically  the  only  source  of  tin.  The 
Malay  States  lead  in  the  production  of  tin. 

Occurrence.  1.  In  tin-stone  veins  associated  with  topaz,  wol- 
framite, arsenopyrite,  lepidolite,  and  fluorite,  granite  being  the 
country  rock.     Zinnwald,  Bohemia,  is  a  prominent  locality. 

2.  In  greisen  (quart z-muscovite  rock)  and  other  rocks  affected 
by  the  intrusion  of  pegmatites,  but  rare  in  the  pegmatites  them- 
selves. 

3.  In  sands  and  gravels.     (Stream-tin). 

RUTILE,  TiOa 

Form.  Rutile  is  found  in  embedded  grains  or  crystals,  as 
acicular  inclusions  or  in  a  massive  form.  Crystals  are  tetragonal 
and  usually  prismatic  in  habit.     Usual  forms:  p{lll},  e{101}, 
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Fig.  451. 


FiQ.  452. 


Fig.  453. 


Fig.  454. 


a{100},  m{110}.     Interfacial  angles:  7)m(lll  :100)  =47°  40';  ea- 
(101 :  100)  =57°  13';  ee(101:011)  =45°  2'.    Figs.  451  to  454  repre- 
sent various  types  of  twinned  crystals  with  6{  101}  as  twin-plane. 
H.=6-6i.  Sp.gr.  ±4.2. 

Color.     Red,    brownish-red   to   black.     Streak,   pale   brown. 
Luster,  metallic-adamantine. 
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Optical  Properties.  n^(2.90)  -  n^(2.62)  =  0.28.  Fragments  are 
yellow  and  irregular  with  high  order  interference  colors  and 
high  relief  even  in  methylene  iodid. 

Chemical  Composition.  Titanium  oxid,  TiOj,*  (Ti=60.0  per 
cent.) .     Iron  is  usually  present. 

Blowpipe  Tests.  Infusible.  Gives  a  violet  NaPOg  bead  in 
R.F. 

Insoluble  in  acids. 

Uses.  Rutile  is  used  as  coloring  matter  for  porcelain  and  as  a 
source  of  ferro-titanium.  Nelson  County,  Virginia,  is  an  impor- 
tant locality. 

Occurrence.  1.  As  an  accessory  constituent  of  apatite  veins 
occurring  in  gabbros.     Norway. 

2.  As  an  accessory  constituent  of  igneous  rocks  often  occurring 
as  acicular  inclusions  in  quartz. 

3.  As  a  secondary  mineral  in  various  rocks  such  as  gneisses, 
schists,  and  clays.  The  rutile  is  set  free  by  the  decomposition 
of  titanium  bearing  silicates,  especially  the  pyroxenes.  Rutile 
is  also  an  alteration  product  of  titanite  and  occurs  as  a  paramorph 
after  brookite  (an  orthorhombic  form  of  TiOj) . 

PYROLUSITE,  MnOj 

Form.  Pyrolusite  occurs  in  fibrous  and  columnar  forms,  in 
acicular  crystals,  in  crusts,  in  masses,  and  along  seams  in  dendritic 
forms.  Crystals  are  prismatic  but  indistinct  and  perhaps  always 
pseudomorphous  after  manganite. 

H.  =  1  to  2  (very  soft).  Sp.  gr.  ±4.8. 

Color,  black.  Streak,  black.  Luster,  metallic  to  dull. 
Opaque. 

Chemical  Composition.  Manganese  dioxid,  MnOj;  (Mn=63.2 
per  cent.).     It  usually  contains  about  2  per  cent,  of  HjO. 

Blowpipe  Tests.  Infusible.  In  closed  tube  gives  little  or  no 
water.     Gives  manganese  bead  tests. 

Soluble  in  HCl  with  the  evolution  of  chlorin. 
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Uses.  Pyrolusite  is  one  of  the  ores  of  manganese,  but  it  is 
usually  mixed  with  psilomelane  or  manganite.  It  is  also  used  in 
the  manufacture  of  chlorin  and  has  other  minor  uses. 

Occurrence.  1.  In  residual  clays  formed  by  the  decomposition 
of  limestone,  there  being  a  concentration  of  the  manganese  oxid. 
In  many  cases  the  pyrolusite  is  due  to  the  dehydration  of  man- 
ganite, 

2.  Along  seams  of  various  rocks  as  a  secondary  mineral  in 
dendritic  forms. 
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SPINEL,  MgAl,0, 

MAGNETITE,  FeFe^O, 

Franklinite,      (Zn,Mn)Fe204 

CHROMITE,    FeCraO^ 

Chrysoberyl,     BeAlsO^ 

These  minerals  are  sometimes  considered  as  oxids,  but  they  may 
also  represent  salts  of  certain  unfamiliar  acids.  Spinel  is  I 
magnesium  metaluminate  derived  from  HAIOaCHgAlOg  — HjO). 
Magnetite  is  ferrous  metaf errite,  iron  acting  both  as  an  acid  ami 
as  a  base.  Chromite  is  ferrous  metachromite,  derived  from 
HCrOj  (HgCrOg-HaO). 

SPINEL  GROUP— ISOMETRIC 

All  the  above  enumerated  minerals  except  chrysoberyl  belong 
to  the  spinel  group,  which  is  one  of  the  best  known  examples  of, 
isomorphism,  for  many  intermediate  compounds  exist.  The  I 
minerals  of  this  group  are  isometric  and  usually  crystallize  in  I 
octahedrons.  Besides  the  minerals  mentioned  there  are  alsoi 
hercynite  (FeAlgO^),  gahnite  (ZnAljOJ,  magnesiof errite  (Mg- 
FegOJ,  and  jacobsite  (MnFegO^).  The  general  formula,  then,  is: 
(Mg,Fe,Mn,Zn)  (Al,Fe,Cr,Mn)  2O4.  The  following  analyses,  which 
have  been  recalculated  in  the  present  form  from  the  originiil 
analyses,  illustrate  the  range  and  variation  in  composition. 

Analyses  pf  Minesals  of  the  Spinel  Group 


Mg 


Pe 


// 


Mn"     Zn 


AI2O4 


Fe204     Mn204 


CraO^ 


Misc. 


Spinel 

Spinel,  picotite . . 
Spinel,  pleonaste. 

Magnetite 

FrankUnite 

Chromite 

Chromite  ♦ 


14.8 

14.5 

7.8 

1.3 


8.4 


3.6 

2.9 

18.3 

21.5 


27.3 
9.6 


0.3 
8.2 


0.1 


17.5 


80.2 

62.0 

72.3 

1.3 

11.1 
14.1 


1.8 

12.5 

7.9 

75.4 

0.6 

70.0 

4.8 

56.8 
62.7 

4.2 

Si02-2.9 


*  After  deducting  3.3%  serpentine. 
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SPINEL,  MgAl^O, 

Form.  Spinel  is  practically  always  found  in  crystals  or  grains, 
usually  disseminated,  but  sometimes  loose  in  sands  and  gravels. 
Crystals  are  isometric,  the  octahedron  being  the  only  common 
form  (Fig.  455).  Contact-twins  with  {111}  as  twinning  plane 
are  so  common  that  this  twin-law  is  known  as  the  spinel  law 
(Fig.  456). 

H.  =  8.  Sp.gr.  ±3.6. 


"^ 


H 


t 


Fig.  455.  Fio.  456. 

Color,  black  and  dark  shades  of  gray,  brown,  and  green;  also 
red  and  blue.     Usually  translucent.     Luster,  sub-adamantine. 

Optical  Properties.  Isotropic.  n  =  1.72.  Fragments  are  ir- 
regular and  dark  between  crossed  nicols.  The  usual  color  of  the 
fragments  is  green  (pleonaste)  and  coffee-brown  (picotite) . 

Chemical  Composition.  Magnesium  metaluminate,  MgAljO^ 
or   MgO-AlgOg;  (Mg  =  17  per  cent.)'.'   The  magnesium  is  often  ^i 

replaced  by  ferrous  iron  and  the  aluminum  by  chromium  and  || 

ferric  iron.     The  iron-bearing  spinel  is  called  pleonaste  and  the  || 

chrome-bearing  spinel,  picotite. 

Blowpipe  Tests.  Infusible,  but  the  color  may  change  on  heat- 
ing.    Turns  blue  when  heated  with  cobalt  nitrate  solution. 

Insoluble  in  hydrochloric  and  nitric  acids.  Decomposed  by 
fusion  with  potassium  acid  sulfate. 

Uses.     A  red  variety  called  spinel-ruby  is  used  as  a  gem. 


M 


■I 

n 
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Occurrence.  (1)  As  a  contact  mineral  in  crystalline  limestone 
associated  with  phlogopite,  chondrodite,  corundum,  and  graphite. 
Amity,  New  York,  is  a  prominent  locality. 

(2)  As  an  accessory  mineral  in  various  igneous  and  meta- 
morphic  rocks.  Pleonaste  occurs  with  emery;  picotite,  with 
serpentine. 

(3)  In  the  gem  bearing  gravels  of  Ceylon.     (Ruby  spinel.) 

MAGNETITE,  FeFefi,  (Pefi,) 

Form.  Magnetite  occurs  in  loose  and  attached  crystals,  in 
compact  and  granular  masses,  and  in  the  form  of  sand.  Crystals 
belong  to  the  hexoctahedral  class  iof  the  isometric  system.  The 
only  common  forms  are  the  octahedron  o,  the  dodecahedron  d, 
and  the  trapezohedron  m{311}.  The  habit  is  octahedral,  more 
rarely  dodecahedral,  but  almost  never  cubic.  Figs.  457,  458, 
and  459  represent  typical  crystals. 


Fio.  457. 


Fig.  458. 


Fio.  459. 


Cleavage.     Some  specimens  have  octahedral  parting. 
H.  =  6.  Sp.gr.  ±5.1. 

Color,  black.  Opaque.  Metallic  luster.  Strongly  attracted 
by  the  magnet  and  sometimes  is  a  magnet  itself  (lodestone) . 

Chemical  Composition.  Ferrous  metaferrite,  FeFejO^  or 
FeO'FejOj  (Total  iron  =  72.4  per  cent.).  May  contain  Mg,  Mn, 
or  Ti. 

Blowpipe  Tests.  Fusible  with  difficulty  (5J).  Gives  bead 
tests  for  iron. 

Soluble  in  concentrated  HCI. 
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Uses.  Magnetite  is  an  important  ore  of  iron,  mined  in  New 
York,  New  Jersey,  and  Pennsylvania.  In  Scandinavia  it  is  the 
principal  iron  ore. 

Occurrence.  (1)  A  very  common  and  widely  distributed 
accessory  constituent  of  igneous  rocks. 

(2)  In  ore-deposits  due  to  magmatic  segregation.  The  Scan- 
dinavian magnetite  has  this  origin. 

(3)  As  a  contact  mineral  between  igneous  rocks  and  lime- 
stones, often  occurring  with  pyrite. 

(4)  In  lenses  and  layers  in  schists  and  gneisses. 

(5)  As  an  alteration  product  of  iron-bearing  silicates  in  more 
or  less  altered  igneous  rocks. 

(6)  As  the  main  constituent  of  the  so-called  black  sands  which 
are  prominent  on  the  Pacific  Coast. 

Franklinite,  (Zn,Mn)Fe204 


I 


Form.  Franklinite  occurs  in  disseminated  crystals  or  in  granu- 
lar aggregates.  The  crystals  are  usually  octahedrons,  modified 
by  the  dodecahedron  (like  Fig.  444,  p.  309). 


H.=6. 

Color,  black.  Opaque. 
Slightly  magnetic. 

Chemical  Composition. 
Yefi^  or  (Zn,Mn)0Fe20 


Sp.  gr.±5.1. 

Luster,  metallic.    Streak,  dark  brown. 


89 


Zinc-manganese  metaferrite,  (Zn,Mn) 
(ZnO=17  to  25  per  cent.,  MnO  =  10 
to  16  per  cent.).  Some  analyses  show  ferrous  iron  and  manganic 
manganese.     A  typical  analysis  is  given  on  page  318. 

Blowpipe  Tests.  Infusible.  In  O.F.  the  borax  bead  is  ame- 
thyst (Mn),  while  in  R.F.  it  is  green  (Fe).  On  charcoal  with  soda 
gives  a  white  coating  of  ZnO  and  a  magnetic  residue. 

Soluble  in  HCl  with  the  evolution  of  a  little  chlorin. 

Uses.  Franklinite  mined  in  Sussex  County,  New  Jersey,  is 
used  for  the  production  of  zinc  white.  The  residue  is  used  for 
the  production  of  spiegeleisen,  an  iron-manganese  alloy. 


« 
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I 
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Occurrence.  1.  In  crystalline  limestone  with  willemite,  zin- 
cite,  and  rhodonite.  Sussex  County,  New  Jersey,  is  practically 
the  only  locality  for  this  mineral.  This  deposit  was  probably 
formed  by  the  metamorphism  of  a  sedimentary  limestone  contain- 
ing calamine  and  some  manganese  mineral. 

CHROMITE,  FeCr^O, 

Form.  Chromite  occurs  disseminated  and  in  compact  masses, 
rarely  in  octahedral  crystals. 

H.  =  5J.  Sp.gr.  ±4.4. 

Color,  black.  Streak,  dark  brown.  Luster,  submetallic  or 
metallic.     Opaque. 

Optical  Properties.  Isotropic  n>1.93.  Thin  fragments  are 
irregular,  usually  translucent  brown,  and  dark  between  crossed 
nicols. 

Chemical  Composition.  Ferrous  metachromite,  FeCrjO^  or 
FeOCrjOg  (Fe  =  24.8  per  cent.) .  Mg,  Al,  and  ferric  Fe  are  usually 
present.     Two  typical  analyses  are  given  on  page  318. 

Blowpipe  Tests.  Infusible.  Gives  chromium  bead  tests. 
Fused  with  soda  gives  a  magnetic  mass. 

Insoluble  in  acids.  Decomposed  by  soda  with  the  formation 
of  sodium  chromate,  which  is  soluble  in  water. 

Uses.  Chromite  is  the  only  source  of  the  salts  of  chromium 
such  as  potassium  chromate,  potassium  dichromate,  and  lead 
chromate.  Chromite  bricks  are  used  as  a  furnace-lining  for 
certain  kinds  of  smelting.  Ferro-chrome  is  an  alloy  used  in  mak- 
ing chrome-steel. 

Occurrence.  (1)  In  peridotites  as  an  original  constituent. 
Ore-deposits  may  be  due  to  magmatic  segregation. 

(2)  In  serpentine  rocks  probably  derived  from  chromium- 
bearing  olivine  in  the  process  of  the  serpentinization  of  peridotite. 

Chrysoberyl,  BeAl204 

Form.  Chrysoberyl  usually  occurs  in  distinct  orthorhombic 
crystals  which  are  often  pseudohexagonal  on  account  of  twinning. 


Fig.  460  is  a  . 
trant  angles. 
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7.  HYDROXIDS 

OPAL,  SiOaxH^O 

Stibiconite,  Sb^O^H^O 

'  Diaspore,  Al(OH),Al208 

GSthite,  Fe(0H),Fe20, 

MANGAMTE,  Mn(0H),Mn,03 

LIMONITE,  2Fe(0H) ,  Fe^Oa 

BAUXITE,  MfltxH.fi 

BRUCITE,  Mg(0H)2 
PSILOMELANE,  'BSh6^(B&;K.^)0Kfi{?) 

WAD,  MnOs+HsO  (impure) 

The  hydroxids  or  hydrous  oxids  are  in  part  normal  hydroxiij 
such  as  Mg(0H)2.  Others  may  be  derived  by  subtracting  wat^ 
from  the  normal  compounds.  For  example,  2Fe(OH)3  — HjO^ 
FejOa-HgO,  gothite;  4Fe(OH)3-3H20  =  2Fe203-3H20,  limoniti 
The  formulae  may  be  written  in  various  ways.  Limonite  may  ^ 
written  2Fe203-3H20,  H^Fe^Oo,  Fe.OeCOH)^,  or  2Fe(OH)3-Fe20 

OPAL,  SiOa^HjO 

Form.     Opal  usually  occurs  in  seams  and  cavities,  but  is  al 
disseminated  and  massive.     It  is  one  of  the  few  minerals  thj 
never   crystallizes.     The  glassy  variety,  called  hyalite,  has 
botryoidal  or  mammillary  surface. 

Fracture,  conchoidal.     No  cleavage.    Very  brittle. 

H.  =  5i  to  6 J.  Sp.  gr.  ±  2. 1  (very  light) . 

Color,  white,  colorless,  or  almost  any  color.  Usually  transh 
cent.     Luster,  more  or  less  greasy.     Hyalite  is  vitreous. 

Optical  Properties.  Isotropic.  n  =  1.45.  Fragments  are  i: 
regular,  dark  between  crossed  nicols,  and  have  high  relief  in  o- 
of  cloves  with  index  of  refraction  less  than  oil  of  cloves  (Beci 
test).     Opal  is  often  intimately  mixed  with  chalcedony. 
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Optical  Properties.  n>1.65,  n<1.74.  Fragments,  irreguli 
pale  yellow,  mostly  isotropic. 

Chemical  Composition.  Hydrated  antimony  tetroxi 
Sb204H20;  (Sb  =  74.5  per  cent.,  H20  =  5.6  per  cent.). 

Blowpipe  Tests.     Infusible.     In  the  closed  tube  gives  water. 

Insoluble  in  HCl. 

Occurrence.  1.  A  secondary  mineral  often  found  with  stibni 
and  resulting  from  its  oxidation. 

Diaspore,  Al(OH)3M203 

Form.     Diaspore  usually  occurs  in  bladed  crystal  aggregati 
rarely  in  distinct  orthorhombic  crystals. 
Cleavage,  in  one  direction  (010)  parallel  to  the  length. 

H.  =  6J.  Sp.gr.  ±3.4. 

Color,  colorless,  white,  gray,  and  pale  colors.  Luster,  pearly 
vitreous. 

Optical  Properties.  n^=1.72.  Fragments  are  prismatic  v 
bright  interference  colors,  parallel  extinction,  and  negative  el 
gation. 

Chemical  Composition.  Aluminum  hydroxid,  Al(OH)3*Al 
or  AljOg-HjO;  (H2O  =  15.0  per  cent.). 

Blowpipe  Tests.  Infusible.  When  heated  with  cobalt  nit: 
solution  it  becomes  blue.  In  the  closed  tube  decrepitates  :i 
gives  water  at  a  high  temperature. 

Insoluble  in  acids. 

Occurrence.  1.  Occurs  with  corundum  or  emeiy  and  v.i 
margarite.  Chester,  Massachusetts,  is  the  only  pronml 
American  locality. 

Gothite,  Fe(0H)3  Fe203 

Form.  Gothite  is  found  in  small  acicular  crystals,  in  bla- 
crystal  aggregates,  and  in  scaly  or  fibrous  masses.  Crystal? 
orthorhombic,  but  are  usually  too  minute  to  decipher. 

Cleavage,  in  one  direction  parallel  to  the  length. 
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Occurrence.  1.  As  a  vein  mineral.  Ilefeld  in  the  Hai 
Mts.  is  a  prominent  locality. 

2.  As  a  secondary  mineral  in  residual  clays  associated  w 
psilomelane. 

LIMONITE,  2Fe(OH)3  Fe^O, 

Form.  Limonite  occurs  in  mammillary,  botryoidal,  :J 
stalactitic  forms  and  in  fibrous,  compact,  pisolitic,  nodd 
porous,  and  earthy  masses.  It  is  never  crystallized,  but  is  dil 
pseudomorphous  after  other  iron  minerals,  especially  pyrite. 

H.  =  5i.  Sp.gr.  ±3.8. 

Color,  yellow,  brown,  or  black.  Streak,  yellowish-bm 
Luster,  submetallic  to  dull. 

Optical  Properties.  n>  1.93.  Fragments  are  either  prisma 
and  acicular  with  parallel  extinction  or  irregular  and  isotro 
They  sometimes  show  a  spherulitic  cross. 

Chemical  Composition.  Ferric  hydroxid,  2Fe(OH)3-Fe203 
2Fe203-3H20;  (Fe  =  59.8  per  cent.;  H20  =  14.5  per  ces 
Often  impure  from  the  presence  of  manganese  oxid,  phospha 
clay,  sand,  and  organic  matter. 

Blowpipe  Tests.  Fusible  with  difficulty  (5i).  When  he: 
in  R.F.  becomes  magnetic.  In  the  closed  tube  turns  red ; 
gives  water.     Iron  bead  tests. 

Soluble  in  HCl. 

Uses.  Limonite  if  a  prominent  ore  of  iron  and  in  the  Vi 
States  ranks  next  to  hematite  in  importance. 

Occurrence.     1.  As  a  secondary  mineral  in  veins   and 
deposits  formed  by  the  oxidation  of  pyrite.     Constitute? 
important  part  of  the  gossan  or  "  iron-hat." 

2.  As  a  metasomatic  replacement  of  limestone. 

3.  As  bog-iron  ore  formed  by  the  oxidation  of  FeHjCO 
which  is  in  solution  in  marshes. 

4.  As  a  pigment  and  stain  in  various  rocks. 
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give  a  positive  uniaxial  interference  figure  without  rings  unless 
very  thick.  The  fibrous  variety  gives  acicular  fragments  with 
parallel  extinction  and  negative  elongation. 

Chemical  Composition.  Magnesium  hydroxid,  Mg(OH)2  or 
MgOHjO;  (H2O  =  31.0  per  cent.).  Often  contains  Fe  and  Mn. 
The  manganese  is  due  to  the  isomorphous  replacement  of 
Mn(0H)2. 

Blowpipe  Tests.  Infusible,  but  glows.  Heated  with  cobalt 
nitrate  solution  it  turns  pink.  In  the  closed  tube  yields  water 
and  becomes  opaque. 

Soluble  in  HCl. 

Occurrence.  1.  As  a  secondary  mineral  in  serpentine  often 
associated  with  magnesite  and  dolomite.  Texas,  Pennsylvania, 
and  Hoboken,  New  Jersey,  are  prominent  localities. 


PSILOMELANE,  ^NinO^(Ba,K^)ORfi? 

Form.  Psilomelane  is  found  in  reniform,  botryoidal,  and 
mammillary  forms.  It  is  also  compact  massive  and  is  one  of  the 
few  minerals  that  never  crystallizes. 

H.  =  5J.  Sp.  gr.±4.2. 

Color,  black.  Streak,  brownish-black.  Luster,  submetallic  to 
dull.     Opaque. 

Chemical  Composition.  Impure  hydrous  manganese  dioxid, 
perhaps  4Mn02-(Ba,K2)0-H20.;  (MnOg  =  70  to  90  per  cent; 
HjO^S  to  9  per  cent.).  It  usually  contains  barium  and  potas- 
sium and  sometimes  lithium. 

Blowpipe  Tests.  Infusible.  In  the  closed  tube  gives  water  and 
also  oxygen.     Manganese  bead  tests. 

Soluble  in  HCl  with  the  evolution  of  chlorin. 

Uses.  Psilomelane  is  an  important  ore  of  manganese  and  i> 
also  used  as  a  source  of  chlorin. 

Occurrence.  1.  As  a  secondary  mineral  in  residual  clays. 
Batesville,  Arkansas. 
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WAD,  MnOa+HjO  (impure) 

Form.  Wad  occurs  in  compact  layers  or  in  earthy,  more  or 
ess  porous,  masses.     It  has  never  been  found  crystallized. 

H.  =  l  to  3.  Sp.  gr.  3  to  4.5. 

Color,  brown  to  black.     Streak,  brown.     Luster,  dull. 

Chemical  Composition.  Impure  hydrous  manganese  dioxid; 
H20  =  10  to  20  per  cent.).  It  usually  contains  Fe  and  may  also 
ontain  Cu,  Co,  Li,  or  Ba. 

Blowpipe  Tests.     Infusible.     Gives  water  in  the  closed  tube 
nd  also  oxygen.     Manganese  bead  tests. 
•  Soluble  in  HCl  with  the  evolution  of  chlorin. 

Uses.  Wad  is  used  as  a  paint.  Cobalt-bearing  wad  from  New 
laledonia  is  used  as  a  source  of  cobalt. 

Occurrence.  (1)  As  a  secondary  mineral  due  to  the  weather- 
ig  of  other  manganese  minerals. 

(2)  In  bog  deposits,  often  associated  with  limonite. 


8.  CARBONATES 


A.  Normal  Anhydrous  Carbonates 


CALCITE, 

CaCO, 

DOLOMITE, 

CaMg(CO,), 

Cfllcite 

Ankerite, 

Ca(Mg,Fe)CO, 

Group 

MAGNESITE, 

MgCO, 

SIDERTTE, 

FeCO, 

RHODOCHROSITE, 

MnCO, 

SMITHSONITE, 

ZnCO, 

ARAGONITE, 

CaCOa 

Aragonite 

Strontianite, 

SrCO, 

Group 

Witherite, 

BaCO, 

CERUSSITE, 

PbCO, 

B.  Acid,  Basic,  and  Hydrous  Carbonates 

MALACHITE  Cu2(OH)3CO, 

AZURITE  Cu,(OH)  2(003)2 

Hydro  zincite  Zn3(OH)4CO, 

Trona  HNa3H(CO,)2-2H20 

Hydromagnesite  Mg«(OH)2(C03)s3H20 

The  carbonates  are  not  many  in  number,  but  they  includ 
some  of  the  most  common  minerals  with  which  the  mineralogii 
has  to  deal.  All  the  important  normal  carbonates  fall  into  t^' 
well-defined  isomorphous  groups,  the  calcite  group  (rhomboht 
dral)  and  the  aragonite  group  (orthorhombic) .  These  two  grou|j 
are  said  to  be  isodimorphous,  as  calcite  and  aragonite  are  dimoi 
phous. 


CALCITE  GROUP— HEXAGONAL 

The  calcite  group  of  rhombohedral  carbonates  is  a  ^^ 
characterized  group  of  familiar  minerals.  These  mineiJ 
crystallize   in   rhombohedral    and    scalenohedral    crystals   wJ 
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leavage  parallel  to  the  faces  of  a  rhomb ohedron  of  a 
ill  except  dolomite  belong  to  the  ditrigonal  sealenohe< 
f  the  hexagonal  system.  Dolomite  belongs  to  the  rl 
ral  class,  but  is  similar  to  the  other  minerals  in  angles  i 
iropertiea.  All  the  minerals  of  this  group  are  uniaxial 
ally  negative  and  have  very  strong  double  refractioi 
iomorphous  mixtures  are  known  and  some  of  them  ha' 
ames  (see  raesitite  below). 
The  following  analyses  are  representative  of  the 
lentioned  and  illustrate  isomorphism.  These  anal 
eeoi'ded  in  the  form  of  the  metals  and  the  carbonate 
IO3,  instead  of  the  usual  method  (oxlds  of  the  metals  ani 
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CALCITE,  CaCOa 

Calcite  has  played  a  very  prominent  part  in  the  I 
lineralogy.  The  discovery  of  cleavage  in  calcite  le 
stablishment  of  crystallography  as  an  exact  scienc' 
Lbb6  Haiiy,  and  the  discovery  of  double  refraction 
pened  up  the  whole  subject  of  crystal  optics.    The  inv 
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the  Nicol  prism,  which  is  made  of  calcite,  has  made  possible  the 
identification  of  the  fine-grained  rocks. 

Form.  Calcite  is  found  in  well  defined  crystals,  which  are 
often  large  in  size,  in  crystalline  crusts  and  druses,  in  cleavable 
masses,  in  various  imitative  forms,  such  as  stalactitic,  pisolitic 
and  oolitic,  in  granular  masses,  and  sometimes  in  fibrous  forms. 

Calcite  is  the  type  example  of  the  ditrigonal  scalenohedral  class 
of  the  hexagonal  system.  In  number  of  forms  and  variety  of 
their  combinations,  calcite  is  unsurpassed  among  minerals.  Over 
300  well  established  forms,  most  of  them  rhombohedrons  and 
scalenohedrons,  are  known.     c  =  0.854.     Usual  forms  (in  order 


Fio.  461. 


FiQ.  462. 


Fig.  463. 


Fig.  464. 


of  their  abundance):  _m{  1010 },_  c{ 0001}^  c{0112j,  /{0221). 
r{1011},  ikf{4041},  j;{2231},  a{1120},  i/{325l],  ^{2J34}.  Inter- 
facial_ angles:  ee(0112:1012)  =45°  3^  cm{0112: 1010}  =63^  45'; 
rr(1011 :  1101)  =74°  55^;  rm(1011 :  1010)  =45°_23i'; ^^(0221 :2021) 
=  101°  9';/^(0221:0lT0)=26°  53^;  MM(4041: 4401)  =  114^  10'; 
Mm(4041:1010)  =  14°_13';^^(2131:2311)=75°  22';  i;i;(2131: 
3121)  =35°  36';  2;i;(2131: 1231)_=47°_1';  n;(1011:2131)  =29°  1J\ 
mi;(1010:2131)=28°_4'j^  1/1/(3251:5231)  =45°  32'jj/2/(3251 :3521) 
=  70°  _59';  «(2134:2314)=4P  55',^  «(2 134: 3124)  =20°  36V; 
mm(1010:0110)  =60°  0';  ma(1010: 1120)  =30°  0'. 

Figs.  461-480  represent  typical  calcite  crystals.  As  can  be 
seen,  the  habit  is  variable.  Figs.  461-464  are  simple  forms. 
Fig.  461,  e{0lT2},  is  an  obtuse  rhombohedron  while  Fig.  462, 


Fin,  473.  Fia.  4 
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/{0221},  is  an  acute  rhombohedron.  Fig.  464  is  a  pseudo-cubic 
rhombohedron  A  {0332}  with  the  angle  AA(0332:3302)  =91°  42'. 
The  dotted  lines  in  each  case  represent  the  cleavage  which  is  a 
great  help  in  orienting  a  crystal.  The  unit  rhombohedron 
r{1011}  alone  is  rare,  but  it  is  very  frequently  the  dominant 
form  as  in  Figs.  465  and  466.  The  combination  em  (Figs.  157 
and  158)  is  said  to  be  the  most  frequent  combination.  Figs.  469- 
472  are  common  types.  The  bottom  of  Fig.  470  represents 
cleavage.  The  faces  of  6(0112}  are  very  often  striated  as  in 
Fig.  472.  Figs.  473  to  476  represent  plans  of  common  types  of 
calcite  crystals.     The  trigonal  symmetry  is  very  apparent. 

Four  twinning  laws  are  known  for  calcite.  (1)  {0001}  as 
twin-plane.  Fig.  477  represents  a  scalenohedron  twinned  accord- 
ing to  this  law.  (2)  {0112}  as  twin-plane.  This  is  often  poly- 
synthetic  twinning  with  striations  parallel  to  the  long  diagonal 
(Fig.  478).  (3)  {lOTl}  as  twin-plane.  Fig.  479  represents  the 
combination  { 1010} ,  {0112}  twinned  according  to  this  law.  The 
vertical  axes  of  the  two  parts  of  the  crystal  are  almost  at  right 
angles.  (4)  {0221}  as  twin-plane.  This,  the  rarest  type  of  all, 
is  represented  by  Fig.  480. 

Cleavage,  perfect  rhombohedral  in  three  directions  at  angles  of 
74^  55'.  There  is  often  parting  parallel  to  {0112}  and  this  is 
sometimes  better  developed  than  the  cleavage  itself. 

H.  =  3.  Sp.gr.  ±2.72 

Color.  Usually  colorless,  white,  or  amber,  but  may  be  any 
color.     Luster,  vitreous. 

Optical  Properties.  n^(1.658)  -  n^(1.486)  =  0. 172.  The  strong 
double  refraction  is  one  of  the  most  prominent  characters  of 
calcite.  It  may  be  observed  in  Iceland  spar,  the  clear  trans- 
parent cleavable  variety.  Fragments  are  rhombic  (Fig.  481) 
with  symmetrical  extinction  and  very  high  order  interference 
colors.  The  rhombs  often  have  striations  parallel  to  the  long 
diagonal.  These  are  due  to  polysynthetic  twinning  produced  by 
pounding  the  fragments.  The  relief  varies  with  the  direction. 
As  shown  in  Fig.  481,  the  rhombs  have  a  high  relief  when  the  long 
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amber  colored  calcite  crystals  occur  in  chert  breccia  in  the  zinc 
mines  along  underground  water  courses.  Cryetal  Cave  at  Joplin 
is  completely  lined  with  calcite  crystals  from  1  to  2  feet  in  length. 
It  is  probable  that  the  calcite  was  formed  when  the  cave  was 
completely  filled  with  a  water  solution  of  calcium  carbonate. 

6.  As  the  principal  constituent  of  crystalline  limestones,  which 
were  formed  from  sedimentary  limestones  by  metamorphism. 
The  crystalline  limestones  often  contain  diopside,  tremolite, 
wolJastonite,  garnet,  spinel,  graphite,  etc. 

DOLOMITE,  CaHg(CO^, 

Form.  Dolomite  is  found  in  crystals,  in  crystal  druses,  in 
cleavable  masses,  and  in  granular  masses. 

The  crystals  belong  to  the  rhombohedral  class  of  the  hexagonal 
system  and  have  a  lower  grade  of  symmetry  than  calcite  crystals 
though  this  is  not  often  apparent  on  inspection.  The  only  com- 
mon kind  of  dolomite  erj'stals  is  the  simple  unit  rhombohedron. 


often  curved  and  more  or  less  saddle-shaped  (Fig.  482).  Fi|. 
483  is  a  rhombohedron  modified  by  c|OOOM  and  M|4041i. 
Crystals  like  Fig.  484  with  cjOOOlj  and  M|4041j  are  found  em- 
bedded in  anhydrite  and  gypsum. 

Several  twinning  laws  are  known  for  dolomite,  but  the  onlv 
common  one  is  polysynthetic  twinning  with  [0221]  as  twin-plane 
which  gives  rise  to  striations  on  the  cleavage  face&  parallel  to 
both  the  short  diagonal  and  the  lon^  diagonal  of  the  rhomb  (Fig. 
485),  This  fact  can  often  be  used  to  distinguish  dolomite  from 
calcite. 

avage,  rhombohedral  like  calcite. 
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4.  As  the  principal  constituent  of  the  crystalline  dolom. 
limestones.  These  consist  either  of  dolomite  or  of  a  mixture 
dolomite  and  calcite.  Other  characteristic  minerals  are  tre: 
lite,  phlogopite,  chondrodite,  olivine,  spinel,  serpentine,  and  t 
Serpentine  and  talc  are  secondary  minerals  formed  from  theot: 
silicates. 

Ankerite,  Ca(Mg,J^e)(C03)2 

Form.     Ankerite  occurs  in  cleavable  masses,  rarely  in  d 
rhombohedral  crystals  resembling  dolomite. 
Cleavage,  rhombohedral. 

H  =  3ito4.  Sp.gr.  ±3.0. 

Color,  white  to  gray  or  brown. 

Optical  Properties,  Similar  to  calcite  and  dolomite.  Fi 
ments  are  rhombic  with  symmetrical  extinction  and  very  i] 
order  interference  colors.  Gives  the  microchemical  gypsum  | 
with  dilute  HjSO^. 

Chemical  Composition.  An  isomorphous  mixture  of  calcij 
magnesium,  and  ferrous  carbonates.  Ca(Mg,Fe)  CO3.  It  of  teml 
tains  manganese.  Some  analyses  approximate  2CaC03-Mg(] 
FeCOg,  which  has  been  called  normal  ankerite. 

Blowpipe  Tests.  Infusible.  In  the  closed  tube  darL 
Becomes  magnetic  when  heated  on  charcoal. 

Soluble  in  hot  HCl  with  effervescence. 

Occurrence.     1.  As  a  vein  mineral,  especially  with  the 
ores.     Antwerp,  New  York. 

MAGNESITE,  MgCOg 

Form.  Magnesite  occurs  in  cleavable  or  compact  porcel: 
like  masses.  It  sometimes  has  a  botryoidal  surface,  but  is' 
rarely  found  in  crystals. 

Cleavage.     Rhombohedral  cleavage  is  sometimes  prominet 

Color,  white  or  gray.     Luster,  vitreous  to  dull. 
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H.  =  4  to  5i.  Sp.  gr.±3.1. 

Optical  Properties.  n^(1.717)  -  n^(1.515)  =0.202.  Fragments 
are  rhombic  with  symmetrical  extinction  or  irregular  with  aggre- 
gate structure.     The  interference  colors  are  very  high  order. 

Chemical:  Composition.  Magnesium  carbonate,  MgCOg;  (Mg  = 
28.8  per  cent.).  Iron  and  calcium  are  often  present.  The  mas- 
sive varieties  often  contain  magnesium  silicate. 

Blowpipe  Tests.  Infusible.  Turns  pink  when  heated  with 
cobalt  nitrate  solution. 

Soluble  in  hot  HCl  with  effervescence. 

Uses.  Calcined  magnesite  is  made  into  bricks  for  furnace 
lining.  The  carbon  dioxid  formed  is  liquefied  and  forms  a  valu- 
able by-product.  Magnesite  is  also  used  in  paper-making  and 
has  other  minor  uses. 

Occurrence.  1.  In  veins  in  serpentine  (compact  massive 
variety)  resulting  from  the  action  of  carbonated  waters  on  olivine 
or  on  serpentine.  Porterville,  California  and  Red  Mt.  near 
Livermore,  California. 

2.  In  talc  schists  (cleavable  variety)  at  several  localities  in  the 
Alps. 

SIDERITE,  FeCOg 

Form.  Siderite  is  found  in  small  crystals  in  cavities,  in  cleav- 
able masses,  in  botryoidal  crusts,  and  in  compact  masses. 

The  crystals  are  varied  in  habit,  the  com- 
mon forms  being  the  unit  rhombohedron 
(lOTliTlOl  =73°  2i'),  the  rhombohedron 
{0112} ,  and  the  rhombohedron  {0221},  the 
latter  often  modified  by  the  pinacoid  {0001}. 
FiQ.  486.  Fig.  486  is  the  unit  rhombohedronr{  lOTl} . 

Cleavage,  rhombohedral. 

H.=3i  to  4.  Sp.  gr.±3.8. 

Color,  various  tints  and  shades  of  brown  and  gray. 

Optical  Properties.     n^(1.87)-n„(1.63)  =0.24.    Strong  double 
refraction.     Fragments  are  rhombic  with  symmetrical  extinc- 
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tion  and  very  high  order  interference  colors.  In  methyler 
iodid  the  relief  changes  with  the  direction,  but  in  both  poi 
tions  the  index  of  refraction  is  greater  than  that  of  methyle: 
iodid. 

Chemical  Composition.  Ferrous  carbonate,  FeCOg;  (Fe=4S 
per  cent.).  Ca,  Mg,  and  Mn  are  usually  present  in  mt 
amounts  as  replacing  elements.  Clay-ironstone  is  an  impu 
massive  siderite  containing  argillaceous  material  (see  analys! 
p.  333). 

Blowpipe  Tests.  Fuses  with  difficulty.  In  the  closed  tu; 
darkens.     Heated  on  charcoal  it  becomes  magnetic. 

Soluble  in  hot  HCl  with  effervescence.  The  solution  gh 
tests  for  ferrous  iron. 

Uses.  Siderite  is  one  of  the  minor  ores  of  iron.  The  cb 
ironstone  variety  has  been  mined  extensively  in  England  and 
some  extent  in  Ohio,  Pennsylvania,  and  Maryland. 

Occurrence.     1.  As  a  vein  mineral. 

2.  As  clay-ironstone  concretions  in  shales. 

3.  As  a  secondary  mineral  in  cavities  of  basalt.  This  varie 
is  called  spherosiderite  as  it  is  botryoidal. 

RHODOCHROSITE,  MnCOa 

Form.     Rhodochrosite  occurs  in  rhombohedral  crystals  and 
cleavable  masses.     The  unit  rhombohedron 
with  (lOTl  :Tl01)  =73°  0'  is  the  only  common 
kind  of  crystal  (Fig.  487) . 

Cleavage,  rhombohedral. 

H.  =  4.  Sp.  gr.±3.5. 

Color,  pink,  red  or  brownish-red.  ^*°-  ^''• 

Optical    Properties,     n/1.82)  -  n„(1.60)  =  0.22.     Double 
fraction    strong.     Fragments    are    rhombic    with    symmetr 
extinction  and  have  very  high  order  interference  colors. 

Chemical  Composition.  Manganous  carbonate,  MnCOg;  (M: 
47.8  per  cent.).     Calcium  and  iron  are  usually  present. 
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Blowpipe  Tests.     Infusible.     In  the  closed  tube  it  darkens  and 
decrepitates.     The  borax  bead  in  O.F.  is  amethyst  color. 
Soluble  in  warm  HCl  with  effervescence. 
Uses.     Rhodochrosite  is  sometimes  an  ore  of  manganese. 

Occurrence.  1.  As  a  vein  mineral.  At  Butte,  Montana,  it  is 
the  gangue  of  silver  ores. 

2.  As  a  secondary  mineral  produced  from  rhodonite  (Camp 
Bird  Mine,  Telluride,  Colorado)  and  manganese  phosphates 
( Branch ville,  Connecticut). 

SMITHSONITE,  ZnCOg 

Form.  Smithsonite  usually  occurs  in  mammillary  or  botry- 
oidal  incrusting  forms  and  in  porous  masses.  Crystals  of 
smithsonite  are  comparatively  rare  and  as  a  rule  are  much 
rounded. 

Cleavage,  imperfect  rhombohedral  and  often  curved. 

H.  =  5.  Sp.gr.  ±4.4. 

Color,  white,  gray,  yellow;  sometimes  blue  or  green. 

Optical  Properties.  Strong  double  refraction.  Fragments  are 
rhombic  with  symmetrical  extinction  and  very  high  order  inter- 
ference colors.  Index  of  refraction  is  greater  than  methylene 
iodid. 

Chemical  Composition.  Zinc  carbonate,  ZnCOg,*  (Zn  =  52. 1  per 
cent.). 

Blowpipe  Tests.  Infusible.  Heated  with  cobalt  nitrate  solu- 
tion on  charcoal  gives  a  green  coating.  In  the  closed  tube  turns 
yellow. 

Soluble  in  HCl  with  effervescence. 

Uses.  Smithsonite  is  one  of  the  ores  of  zinc  and  is  often  asso- 
ciated with  calamine,  the  silicate.  It  is  called  "  dry-bone  *'  in 
}he  Wisconsin-IUinois-Iowa  zinc  district. 

Occurrence.  1.  As  a  secondary  mineral  formed  from  sphaler- 
te.     It  also  occurs  as  a  metasomatic  replacement  of  limestone, 

20 
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and  is  often  pseudomorphous  after  calcite  and  dolomite.  Mart 
County,  Arkansas,  is  a  prominent  locality. 


ARAGONITE  GROUP— OHTHORHOM  BIG 

The  aragonite  group  is  another  isomorphou 8  group,  though  di 
so  well  defined  as  the  calcite  group.  The  crystals  are  ortb 
rhombic,  but  pseudohexagonal  {110;lT0=62°-6i°)  and  ai 
usually  prismatic  in  habit.  Twinning  on  the  unit  prism  [lli' 
is  very  common  and  also  accounts  for  the  pseudohexagonal  chsi 
acter  of  some  crystals.  Optically  the  minerals  are  biaxial  wiiL 
small  axial  angle.  The  double  refraction  is  very  strong  as  in  (i 
calcite  group.  ' 

ARAGONITE,  CaCO, 

Form.  Aragonite  occurs  in  crystals,  in  columnar  and  fibni 
masses  and  in  inerusting  and  stalactitic  forms.  Fibrous  mas,-i 
are  especially  common  for  aragonite,  but  rare  for  calcite. 


.^f<> 


The  crystals  are  usually  prismatic  or  acicular  in  habit,  s: 
belong  to  the  bipyramidal  class  of  the  orthorhombic  sysif-i 
Usual  forms:  mjllO],  ()|0I0|,  JtjOllI-  Interfacial  ang^^ 
mm(110:lT0)=63''    48';    m6(110:010)=58°    6';    6A:(01O:01 
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Strontianite,  SrCO, 

Form.  Strontianite  occurs  in  acicular  crystals  and  also  in 
columnar  and  fibrous  masses.  The  crystals  are  pseudohexago- 
nal  orthorhombic  and  resemble  those  of  aragonite. 

H.=3i  to  4.  Sp.  gr.+3.7. 

Color,  colorless,  white  or  pale  colors. 

Optical  Properties.  n/I.67)-7i„(1.52)  =0.15.  Like  those  of 
aragonite,  but  gives  faint  test,  if  any,  for  microchemical 
gypsum. 

Chemical  Composition.  Strontium  carbonate,  SrCO,;  (Sr  = 
59.3  pel*  cent.).  Usually  contains  some  CaCO,,  which  may  be 
detected  by  the  microchemical  gypsum  test. 

Blowpipe  Tests.  Infusible  but  swells  up  and  gives  a  crimson 
flame  when  heated  after  moistening  with  HCl. 

Soluble  in  HCl  with  effervescence.     In  dilute  solutions,  HjSO, 
gives   a   finely   divided   white   precipitate  which   distinguishes   i 
strontianite  from  aragonite. 

Uses.     The  strontium  hydroxid  used  in  sugar  refining  is  made  i 
from  strontianite. 

Occurrence.     1.  As  a  secondary  mineral  in  veins  along  with   | 
celestite  and  barite.  i 

2.  In  veins  in  calcareous  marl.     Hamm  in 
Westphalia,  Germany,  is  a  prominent  locality, 

I 
Witherite,  BaCO, 

Form.      Witherite   occurs   in   granular   or 
columnar  masses  in  crystalline   druses,   and   i 
in  distinct  crystals.     The  crystals  are  pseudo- 
hexagonal  twins  of  pyramidal  habit  often  re- 
sembling quartz  crystals.     (See  Fig.  493.) 
H.=3i.  Sp.gr.  ±4.3. 

Color,  white  or  gray.     Luster,  faint  resinous  or  vitreous. 
Optical    Properties.     n,(1.67)-n„(1.52)  =  0.15.     The    optical 
properties  are  like  those  of  aragonite. 
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order  interference  colors  and  index  of  refraction  greater  than 
methylene  iodid.  With  HNO3,  octahedral  crystals  of  lead  ni- 
trate form. 

Chemical  Composition.  Lead  carbonate^  PbCOg;  (Pb  =  77.5 
per  cent.). 

Blowpipe  Tests.  Fuses  easily.  In  the  closed  tube  decrepitates 
and  becomes  yellow.  Heated  on  charcoal  in  R.F.  it  gives  a  metal- 
lic button  and  a  yellow  coating. 

Soluble  in  HNO3  with  effervescence.  Soluble  in  hot  HCl,  but 
on  cooling  needle  crystals  of  adamantine  luster  (PbClg)  separate 
out. 

Uses.    Cerussite  is  an  ore  of  lead  and  sometimes  is  argentiferous. 

Occurrence.  1.  As  a  secondary  mineral  derived  from  galena. 
It  occurs  especially  in  the  gossan  of  ore-deposits.  Prominent 
localities  are  Broken  Hill,  New  South  Wales,  and  Coeur  d'Alene 
district,  Idaho.  In  the  Joplin  district  cerussite  pseudomorphs 
after  galena  are  found. 

■  '.u,C  '^  J 
MALACHITE,  Cu2(OH)C03 

Form.  For  malachite  the  characteristic  occurrences  are 
mammillary  crusts,  fibrous  masses,  and  acicular  crystals.  The 
crystals  are  monoclinic,  but  are  usually  very  small  and  indistinct. 

H.=3ito4.  Sp.gr.  ±3.9. 

Color,  emerald  green. 

Optical  Properties.  n^=L88.  Fragments  are  prismatic  with 
oblique  extinction  (23°) .  Interference  colors  are  masked  by  the 
green  color  of  the  mineral.  Arrowhead  twins  like  gypsum  are 
common  among  the  fragments. 

Chemical  Composition.  Basic  copper  carbonate,  Cu2(OH)C03 
or  CuC03-Cu(OH)2;  (Cu  =  57.4  per  cent.;  H20  =  8.1  per  cent.). 

Blowpipe  Tests.  Easily  fusible  (3)  giving  a  green  flame  which 
is  made  blue  by  HCl.  In  the  closed  tube  it  turns  black  and  gives 
ofif  H2O. 

Soluble  in  acids  with  efifervescence. 


---^-'i  •^"' 
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Uses.  Malachite  is  sometimes  an  ore  of  copper,  together  with 
azurite,  cuprite,  and  chrysocoUa  which  are  collectively  called 
oxidized  ores.  Polished  malachite  with  a  concentric  fibrous 
structure  is  used  as  an  ornamental  stone. 

Occurrence.  1.  As  a  secondary  mineral  in  the  upper  oxidized 
zone  of  copper  deposits.  It  constitutes  the  so-called  "copper- 
stain.''  Malachite  is  often  associated  with  azurite  and  is  some- 
times pseudomorphous  after  it.  Bisbee,  Arizona,  is  a  prominent 
locality.  ^   .    ^ 

AZURITE,  CU3 (OH) 2(003)2 

Form.  Azurite  occurs  in  crystals  in  crystalline  coatings  and 
nodular  groups  of  crystals.  Crystals  are  monoclinic,  prismatic 
class,  and  are  usually  short  prismatic  or  tabular  in  habit,  often 
highly  modified.  The  best  specimens  come  from  Chessy  in 
France,  hence  chessylite,  the  French  name  for  azurite. 

H.  =  4.  Sp.gr.  ±3.8. 

Color,  deep  azure  blue. 

Optical  Properties.  n>1.83.  Fragments  are  irregular,  blue 
in  color,  but  not  pleochroic.     Interference  colors  are  masked. 

Chemical  Composition.  Basic  copper  carbonate,  Cu3(OH)2- 
(003)2  or  2CuC03-Cu(OH)2;  (Cu  =  55.2  per  cent.,  H20  =  5.2per 
cent.). 

Blowpipe  Tests.     The  same  as  for  malachite. 

Uses.     Azurite  is  one  of  the  so-called  oxidized  copper  ores. 

Occurrence.  1.  As  a  secondary  mineral  in  the  oxidized  zone. 
It  is  usually  associated  with  malachite  and  has  been  formed 
after  the  malachite.     Bisbee,  Arizona,  is  a  prominent  locality. 

Hydrozincite,  Zn3(OH)4C03 

Form.  The  characteristic  occurrence  of  hydrozincite  is  in 
concentric  crusts.  It  also  occurs  in  stalactites  and  in  earthy 
masses  but  has  never  been  found  in  crystals. 

H.  =  2i.  Sp.gr.  ±3.7. 
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Color,  white.     Luster,  dull. 

Optical  Properties.  n>1.74.  Fragments  show  aggregj 
structure  (often  banded)  and  give  bright  interference  colors. 

Chemical  Composition.  Basic  zinc  carbonate,  Zn3(0H)/ 
or  ZnC03-2Zn(OH)  2 ;  (Zn  =  60.8  per  cent. ;  HjO  =11.1  per  cent 

Blowpipe  Tests.  Infusible.  In  the  closed  tube  gives  off  wa 
and  turns  yellow.  On  charcoal  with  cobalt  nitrate  soluti 
it  turns  bright  green. 

Soluble  in  HCl  with  effervescence. 

Occttrrence.  1.  As  a  secondary  mineral  resulting  from  : 
decomposition  of  other  zinc  minerals.  Often  occurs  in  lavi 
with  smithsonite  or  calamine.  Santander,  Spain  is  a  promint 
locality. 

Trona,  Na3H(C03)2-2H20 

Form.  Trona  occurs  in  crystals  and  crystalline  crusts.  T 
crystals  are  monoclinic  and  tabular  in  habit. 

H.  =  2i  to  3.  Sp.  gr.±2.1. 

Color,  white  or  colorless. 

Optical  Properties.  n^=1.51.  Recri 
tallizes  from  water  solution  in  roser 
(Fig.  498.) 

Chemical  Composition.    Hydrous  sou: 
acid      carbonate,      Na3H(CO3)2-2H20 
NaC03NaHC03-2H20;      (H20=19.9  ] 
cent.). 
Fig.  498.  Blowpipc  Tcsts.     Easily  fusible  (H)  ? 

Trona  recrystallized.  .  .     ,  n  «  ^r^ 

mg  an  mtense  yellow  flame.  On  ge: 
heating  in  the  closed  tube  gives  off  water,  but  does  not  melt. 

Soluble  in  water.     Effervesces  with  HCl. 

Occurrence.  1.  Trona  is  formed  by  the  evaporation  of  I 
water  in  soda  lakes.  Owens  Lake,  Inyo  County,  California.  - 
prominent  locality. 
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Hydromagnesite,  Mg^ (OH) ^ (CO3) sSH^O 

Form.  Hydromagnesite  occurs  in  crystalline  crusts,  thin 
seams,  and  earthy  chalk-like  masses.  Crystals,  which  are  very 
small,  are  usually  like  Fig.  499,  and  are  either  orthorhombic  or 
monoclinic  with  ^  =  90®. 

H.  =  l  to  3.  Sp.  gr.±2.1. 

Colory  white.     Luster,  often  pearly. 

Optical  Properties.  n^=1.53.  Fragments  and  crystals  are 
prismatic  with  parallel  extinction,  negative  elongation,  and  low- 
order  interference  colors. 

Chemical  Composition.  Hydrous  basic 
magnesium  carbonate,  Mg^ (OH)  2 (CO3)  j- 
3HjO  01  3MgC03Mg(OH)2-3H20;  (H20  = 
19.8  per  cent.). 

Blowpipe  Tests.  Infusible.  In  the  closed 
tube  gives  off  water. 

Soluble  in  HCl  with  effervescence. 
'   OcctUTence.     1.  As  a  secondary  mineral 
in  serpentine  often  with  brucite  as  an  asso- 
ciate.    Alameda  County,  California. 

2.  As  the  product  of  the  dedolomitization  (see  glossary)  of 
magnesian  limestone.  Predazzite  from  Tyrol  is  a  metamorphic 
limestone  consisting  of  calcite  and  hydromagnesite. 

A  large  deposit  of  hydromagnesite  occurs  at  Atlin,  British 
Columbia.  This  deposit  is  at  least  five  feet  thick  and  is  probably 
a  spring  deposit. 


Fia.  499. 


9.  PHOSPHATES,  ARSENATES,  ETC. 

A.  Normal  Anhydrous  Phosphates,  etc. 

Columbite,        (Fe,Mii)(]!n),Ta)20o 
Monazite,         (Ce,La)PO« . 
Triphylite,        Li(Fc,Mii)PO, 

[  APATITE,         Ca,o(F„Cl2,0,C03)(PO,)e 
Apatite   J  J>yTomorphite,  Pb..Cl  (POJ, 
Group    1  Mimetite,  Pb^ClCAsOJ, 

[  Vanadinite,       Pb^ClCVOJ  3 

B,  Acid,  Basic,  and  Hydrous  Phosphates 
•  Amblygonite,    LiAl(F,0H)P04 


Olivenite, 

Cu2(OH)As04 

Vivianite    fVivianite, 
Group     \  Er3rthrite, 

Fc.CPOJaSHjO 

COaCAsO^a-SHjO 

•Wayellite, 

A1,(0H),(P0J3  5H,0 

•  Turquois, 

HJAl(0H)2]„Cu(0H)(P0,), 

With  the  phosphates  are  included  also  the  analogous  coc 
pounds,  arsenates  and  vanadates.  Columbite  properly  belon| 
to  another  division,  the  niobates  and  tantalates,  but  is  placed  h\ 
for  convenience. 

About  150  phosphate  minerals  are  known  but  most  of  them  ^ 
rare.  Basic  phosphates  of  iron  and  of  copper  are  especi^! 
numerous.  The  compounds  are  practically  all  orthophospha'H 
that  is,  salts  of  H3PO4. 

Columbite,  (Fe,Mn)  (Nb,Ta)  jOa  . 

Form.  Columbite  usually  occurs  in  orthorhombic  cr^'^stal^  | 
short  prismatic  or  tabular  habit. 

Cleavage,  fair  in  two  directions  at  right  angles. 

H.=6.  Sp.  gr.  5.5  to  6.5. 

352 


■I 


PHOSPHATES,  ARSENATES,  ETC.  353 

Color,  black,  often  iridescent.     Luster,  submetallic. 

Chemical  Composition.  An  iron-manganese  meta-niobate  and 
meta-tantalate  grading  from  (Fe,Mn)Nb208  to  (Fe,Mn)Ta20e. 
The  latter  mineral  is  called  tantalite. 

Blowpipe  Tests.  Fusible  on  the  edges  with  difficulty  (5 J) .  On 
charcoal  with  soda  in  R.F.  gives  a  magnetic  residue.  The  soda 
bead  in  O.F.  is  bluish-green  (Mn.).  The  borax  fusion  dissolved 
in  HCl  with  tin  gives  a  deep  blue  color. 

Insoluble  in  acids. 

Uses.  Tantalum,  whi<jh  is  used  as  a  filament  for  incandescent 
lights,  is  obtained  from  columbite  and  tantalite. 

Occurrence.  1.  In  granite-pegmatites,  associated  with  beryl, 
lepidolite,  spodumene,  etc.  The  Etta  mine  in  the  Black  Hills, 
South  Dakota,  is  the  most  prominent  locality  in  the  United  States. 


I. 


! 


Monazite,  (Ce,La)P04  i 

•  r 

Form.     Monazite  is  usually  found  in  the  form  of  sand  and  J 

occasionally  in  small  embedded  crystals.     The  crystals  are  mono- 
clinic,  but  are  difficult  to  decipher  on  account  of  their  small  size.  I 

Cleavage,  usually  perfect  in  one  direction. 

H.  =  5.  Sp.gr.  ±5.1. 

Color,  yellow  to  yellowish-brown  or  reddish-brown.  Luster, 
faint  resinous. 

Optical  Properties.  n^=1.79.  Double  refraction,  strong. 
Fragments  are  plates,  pale  yellow  in  color,  and  with  rather  high 
interference  colors  (3rd  to  5th  order). 

Chemical  Composition.  Cerium-lanthanum  phosphate.  Silica 
and  the  rare  metals,  Th,  Pr,  Nd,  and  Y  are  usually  present. 

Blowpipe  Tests.  Infusible,  but  turns  gray  on  heating.  The 
flame  coloration  with  HjSO^  is  pale  bluish-green. 

Decomposed  by  acids.  To  get  the  phosphate  test  make  a  soda 
"usion. 

Uses.     Welsbach  gas  mantles  are  prepared  from  the  thoria. 
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ThOj,  obtained  from  monazite.  The  principal  commercial 
deposit  is  near  Prado,  Bahia,  Brazil. 

Occurrence.  1.  In  gneisses  and  granites  as  an  accessory  con- 
stituent. Derby  has  proved  its  wide  distribution  in  decomposed 
gneisses  of  Brazil. 

2.  In  sands  along  with  other  heavy  minerals.  Occurs  in 
western  North  Carolina  and  in  the  beach  sands  of  Brazil. 

« 

Triphylite,  Li(Fe,Mn)PO, 

Form.     The  characteristic  occurrence  of  triphylite  is  in  cleav- 
able  masses.     Crystals  are  rare. 
Cleavage,  perfect  in  one  direction. 

H.  =  4i  to  5.  Sp.  gr.±3.5. 

Color,  usually  bluish-gray. 

Optical  Properties.  n=1.69.  Double  refraction  weak.  Frag- 
ments are  plates  with  low-order  interference  colors. 

Chemical  Composition.  Lithium  iron-manganese  phosphate, 
Li(Fe,Mn)P04,  the  two  compounds  LiFePO^  and  LiMnPO^  being 
isomorphous. 

Blowpipe  Tests.  Easily  fusible  (2^)  to  a  magnetic  globule, 
coloring  the  flame  purplish-red.  i 

Soluble  in  HCl. 

Occurrence.  1.  In  granite-pegmatites.  Branch ville,  Connee-i 
ticut,  is  a  prominent  locality.  A  large  number  of  other  manga- 
nese-iron phosphates  from  this  locality  were  described  by  Brush 
and  Dana. 

APATITE  GROUP— HEXAGONAL 

The  apatite  group  is  a  well-established  isomorphous  group  oi 
minerals,  for  several  isomorphous  mixtures  are  known  as  given 
in  the  analyses  below.  Besides  fluor-apatite  3Ca3(P04)2*CaF5i 
and  chlor-apatite,  SCaaCPOJa'CaClj,  there  is  dahllite,  SCajCPO^)/- 
CaCOg,  voelckerite,  3Ca3(P04)2*CaO,  and  a  rare  mineral  called 


PHOSPHATES,  ARSENATES,  ETC. 


355 


pvabite,  3Ca(As04)2'CaF2.     The  following  are  typical  analyses 
of  the  minerals  of  this  group : 


Analyses  of  Minerals  of  the  Apatite  Group 


Ca 

Pb 

PO4 

As04 

VO4 

CI 

F 

Misc. 

iluor-apatite.  Portland 

39.5 
37.2 
36.5 
40.4 
4.6 
0.2 

a      •      •      ■ 

•  ■      •      • 

•  •     ■      • 

67.0 
75.1 
71.7 
70.6 
68.2 
71.7 
2.8 

55.4 
54.2 
52.2 
57.5 
26.0 
21.3 
15.1 

0.8 

tr 

1.9 

0.5 

0.2 
5.0 

3.8 

■   •   •   • 

1.1 

yhlor-apatite.  Norway 

3.1 

:)alillite  (Podolite),  Russia 

COa'-5.3,* 

/^oelckerite,  Zillerthal 

•      •      •     •     a      - 

0.6 

•   •   •   • 

2.0 

0-1. 4,t 

^olysphaerite,  Freiberg 

*yroiiiorphite,  Schemnitz  .  . . ! 

0.8 

1.9 
2.5 
2.3 
2.5 
2.5 
2.4 
0.1 

*yroiiion)hite,  Rouehten  Gill . 

10.9 
26.7 
16.1 

61.7 

13.7 
24.7 

a      ■      ■      • 

1.7 

iimetite,  Bohemia    

]ii(ilichite.  New  Mexico    

^anadinite.  Arizona    

0.2 

vabite.  Jakobsbenc 

30.1 

2.6 

*Fe*O3-=3.0 


tHaO^O.l 


APATITE,  Ca,.(F„Cl„0,C03)(P0,) 
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Form.  Apatite  is  found  in  crystals,  in  massive  forms,  and  in 
oncretions.  The  crystals  are  hexagonal  and  belong  to  the 
ipyramidal  class  as  there  is  but  one  plane  of  symmetry,  which  is 
orizontal.  The  habit  is  usually  prismatic  with  the  following 
^rms:  m{1010},  c{0001},  and  pjlOll}.  Interfacial  angles: 
ip(10T0:10Tl)=49°  42';  pp(10Tl:0lTl)  =37^  44^'.  Figs.  500 
0  503  represent  usual  types  of  crystals.  In  Fig.  502,  the  general 
)rm  //{2131}  is  present  in  addition  to  s{1121}  and  other  forms. 

Cleavage,  imperfect  basal  parallel  to  {0001 } . 

H.  =  5.  Sp.gr.  ±3.2. 

Color,  usually  reddish-brown  or  green,  more  rarely  white, 
^lorless,  or  violet. 

Optical  Properties.  n^(1.646)-n^(1.641)  =0.005.  Fragments 
re  irregular,  and  colorless  with  low  first  order  interference  colors, 
ives  the  microchemical  gypsum  test  with  HjSO^. 

Chemical  Composition.     Apatite  is  an  isomorphous  mixture  of 


' 


^ 


i 
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Ca,oF,(PO,)«  with  Ca,oCl3(PO,)e,  Ca,oO(PO,)e,  and  Ca.oCCO,)- 
(POJe.  For  CaioFjCPOJa,  Ca  =  39.7  per  cent.,  F  =  3.8  per  cent., 
PO4  =  56.5  per  cent. 

Blowpipe  Tests.  Fusible  on  edges  (5^),  giving  a  yellowish-red 
flame. 

Soluble  in  HNO3,  sometimes  with  slight  effervescence  on 
heating.  The  solution  gives  a  yellow  precipitate  with  (NH4)2- 
M0O4  on  warming.  The  best  test  for  calcium  is  dilute  HjSO^. 
which  gives  needle  crystals  of  CaS04-2H20.  NH^OH  gives  a 
white  precipitate  of  calcium  phosphate. 


X  \  x 


m 


^m 


m 


Fig.  500. 


Fig.  601. 


Fig.  502. 


Fig.  503. 


Uses.  Massive  apatite  and  phosphate  rock  are  used  exten- 
sively as  a  source  of  phosphates  for  fertilizers. 

Occurrence.  1.  As  an  accessory  constituent  of  igneous  rocb. 
very  common  and  widely  distributed  but  in  small  quantities. 

2.  In  veins  in  gabbro  associated  with  wernerite  and  rutile. 
The  chlor-apatite  of  Norway  Vogt  believes  to  have  been  formed 
by  a  pneumatolytic  process. 

3.  In  clefts  of  gneisses  and  schists.  St.  Gothard,  Switzerland, 
furnishes  good  specimens. 

4.  In  pegmatites  and  tin-stone  veins. 

5.  As  a  metasomatic  replacement  of  limestone.  Some  mas- 
sive apatites  or  phosphorites  have  been  formed  in  this  wcy. 

Phosphate  Rock,  etc. 

Phosphate*  rock  is  an  impure  massive  calcium  phosphate  neai 
apatite  in  composition.     It  occurs  in  beds,  either  in  irregulai 
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concretionary  masses  or  in  nodules.  Besides  calcium  phosphate, 
it  contains  organic  matter,  varying  amounts  of  iron  and  alum- 
inum, and  calcium  carbonate.  The  calcium  carbonate  is  pres- 
ent partly  as  calcite,  but  principally  as  the  dahllite  molecule, 
SCagCPOJa'CaCOs. 

Phosphate  rock  is  used  extensively  as  a  source  of  super- 
phosphate for  fertilizers.  The  crude  minerals  are  treated  with 
H2SO4.  Florida,  South  Carolina,  and  Tennessee  have  important 
deposits.  Large  deposits  have  recently  been  discovered  in  Idaho, 
Wyoming,  and  Utah. 


Pyromorphite,  Pb^Cl  (PO  J  3 

Form.  Pyromorphite  usually  occurs  as  small  crystals  and 
earthy  crusts.  The  crystals  are  hexagonal  and  prismatic  in  habit, 
c{0001}  and  m{1010}  being  the  only  common  forms  (Fig.  504). 

H.=3i  to  4.  Sp.  gr.±6.8. 

Color,  green  or  brown.     Luster,  adamantine. 

Optical  Properties.     n^(2.061)  -  n^(2.049)  =  0.012.     Fragments 
are  irregular,  colorless  or  pale  green,  and  have 
low  first-order  interference  colors.     With  HNO3 
Isometric  crystals  are  deposited. 

Chemical  Composition.  Lead  chlorid-phos- 
phate,  PbgCKPOJg;  (Pb  =  76.3  per  cent.).  In 
jome  varieties  Ca  replaces  Pb  (polysphaerite, 
3.  355)  and  in  others  (VO4)  replaces  (POJ. 

Blowpipe  Tests.     Easily  fusible  (2)  on  char- 
joal  to  a  globule  with  apparent  crystal  faces. 
iVith  soda  on  charcoal  yields  a  lead  button. 
With  a  NaPOg  bead  saturated  with  CuO  it  gives  an  azure-blue 
lame  (CI). 

Soluble  in  HNO3.    (NH^)  2M0O4  gives  a  yellow  precipitate  with 
he  nitric  acid  solution. 

Occurrence.     1.  As  a  secondary  mineral  formed 'from  galena, 
•hoenixville,  Pennsylvania,  is  a  prominenl^cality.    Both  pyro- 


m 


Fig.  504. 
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morphite  pseudomorphs  after  galena  and  galena  pseudomorphs 
after  pyromorphite  have  been  noted,  the  former  from  the  Joplin 
district  and  the  latter  from  Huelgoat,  France. 

Mimetite,  Pb^ClCAsO,), 

Form.     Mimetite  usually  occurs  in  rounded  hexagonal  crystals. 

H.  =  3i.  Sp.gr. +  7.2. 

Color,  yellow,  orange,  or  red.     Luster  adamantine. 

Optical  Properties.  n^(2.13)  -  n^(2.12)  =0.01.  Fragments 
are  irregular,  yellow  and  have  low  first-order  interference  colors. 
With  HNO3  isometric  crystals  of  Pb(N03)2  are  deposited. 

Chemical  Composition.  Lead  chlorid-arsenate,  PbgCKAsOJai 
(Pb  =  69.5 per  cent.).  It  grades  on  the  one  hand  into  pyromor- 
phite and  on  the  other  into  vanadinite. 

Blowpipe  Tests.  Easily  fusible  (1^)  on  charcoal  and  gives  a 
white  sublimate  and  a  metallic  button.  In  the  closed  tube 
heated  with  charcoal  it  gives  an  arsenic  mirror.  With  CuO  in  the 
NaPOg  bead  it  gives  an  azure-blue  flame  (CI). 

Soluble  in  HNO3.  With  (NHJjMoO^  the  nitric  acid  solution 
gives  a  yellow  precipitate  on  boiling  (phosphates  give  the  precipi- 
tate on  slight  warming) . 

Occurrence.  1.  As  a  secondary  mineral  in  lead  mines.  Cum- 
berland, England. 


Vanadinite,  Pb^ClOirO,) 


3 


Form.  Vanadinite  practically  always  occurs  in  small  hexago- 
nal crystals  of  prismatic  habit.  The  common  forms  are :  c  { 0001 ; 
and  ml  lOTO}  (Fig.  505).  The  general  form  {2131},  a  hexagonal 
bipyramid,  is  sometimes  present. 

H.  =  3.  Sp.gr.  ±6.8. 

Color,  usually  red,  but  also  yellow  and  brown.  Luster,  ada- 
mantine. 

Optical  Properties.Nn^(2.35)  —  n^(2.30)  =  0.05.    Fragments  are 
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irregular  yellow  or  orange  color,  and   give  bright  interference 
colors. 

Chemical  Composition.  Lead  chlorid-vanadate,  PbgCKVOJg; 
(Pb  =  72.7  per  cent.).  It  often  contains  (POJ  and  (AsOJ  as 
replacing  radicals.  Endlichite  is  between  vanadinite  and 
mimetite  (see  analyses,  page  355). 

Blowpipe  Tests.  Easily  fusible  (H)  on  char- 
coal giving  a  white  sublimate  and  a  metallic 
globule.  In  the  closed  tube  with  KHSO^ 
gives  a  yellow  mass.  The  NaPOg  bead  is 
^reen  in  R.F.  and  yellow  in  O.F.  It  gives  the 
01  test  with  NaPOg  bead  and  CuO. 

Soluble  in  HNO3. 

Uses.      Vanadinite   is   one   source    of  the 
iranadium  used  as  an  alloy  with  steel,  and  of  various  compounds 
ised  in  dyeing  and  in  the  manufacture  of  ink. 

Occurrence.  1.  A  secondary  mineral  formed  from  galena, 
i^'uma  County,  Arizona,  is  a  prominent  locality.  Vanadinite  often 
)ccurs  with  wulfenite. 


FiQ.  505. 


Amblygonite,  LiAl(F,OH)PO, 

Form.     This  mineral  usually  occurs  in  cleavable  masses.     Crys- 
als  are  triclinic,  but  are  rare  and  imperfect. 
Cleavage,  in  two  directions  at  angles  of  75i°. 

H.=6.  Sp.gr.  ±3.0. 

Color,  white  or  grayish  white. 

Optical  Properties.  71^(1.59)  —  n^(1.57)  =0.02.  Fragments  are 
rregular  plates,  cloudy  white,  and  give  bright  interference  colors. 
>olysynthetic  twinning  is  common. 

Chemical  Composition.     Basic  lithium  aluminum  fluo-phos- 

)hate,  LiAl(F,0H)P04.     The  lithium  is  often  partly  replaced  by 

odium.     At  Oa»on  City,  Colorado,  a  mineral  with  the  composi- 

ion  NaAl(F,0H)P04,  has  recently  been  found.     It  has  been 

lalled  natramblygonite. 
21 
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Blowpipe  Tests.  Easily  fusible  (2)  with  intumescence  i- 
white  opaque  globule,  coloring  the  flame  red.  In  the  closed  i;; 
water  is  given  ofif  and  the  tube  is  etched. 

Soluble  with  difficulty  in  H3SO4. 

Uses.  Amblygonite  is  a  source  of  lithium  salts,  phospha: 
being  a  valuable  by-product.  It  has  been  mined  in  Sou: 
Dakota. 

Occurrence.  1.  In  granite-pegmatites  associated  with  lei 
dolite,  tourmaline  and  spodumene.  Pala,  San  Diego  Couni 
California,  is  a  prominent  locality. 

Olivenite,  Cu2(OH)As04 

Form.  Olivenite  occurs  in  prismatic  or  acicular  crystals  si 
in  fibrous  aggregates.  The  crystals  are  orthorhombic,  but  3 
rare. 

H.=3.  Sp.gr.  ±4.3. 

Color,  usually  various  tints  and  shades  of  green. 

Optical  Properties,  n  about  1.83.  Fragments  are  acicular  wi 
parallel  extinction,  positive  elongation,  and  bright  interferes 
colors. 

Chemical  Composition.  Basic  copper  arsenate,  Cu2(OH)As\ 
(H20  =  3.2  per  cent.).     It  may  also  contain  a  little  (POJ. 

Blowpipe  Tests.  Easily  fusible  (2) .  In  the  closed  tube  wi 
charcoal  gives  an  arsenic  mirror. 

Soluble  in  HNO3.  (NHJgMoO^  gives  a  yellow  precipitate  j 
boiling  the  nitric  acid  solution. 

Occturence.  1.  A  secondary  mineral  occurring  with  con 
arsenates  and  phosphates.  In  the  Tintic  (Utah)  district  it : 
been  formed  by  the  oxidation  of  enargite,  CujAsS^. 

VIVIANITE  GROUP— MONOCLINIC 

The  following  compounds  are  isomorphous  with  vivianite  ^3 
erythriteiFeaCAsOJ^-SH^O,  MggCFOJ^-SHA  Mg3  (AsOJ^-SH.! 
NiCAsOJj-SHjO,  and  Zn3(As04)2-8H20.     Isomorphous  mixturj 
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common.  These  minerals  are  all  secondary,  usually  occur- 
;  as  incrustations.  Erythrite  is  called  "cobalt  bloom/'  while 
abergite,  the  corresponding  nickel  arsenate, is  called  "nickel 


Vivianite,  FCgCPOJa  8H2O 

jrm.     Vivianite  occurs  in  small  crystals,  in  nodules,  and  in 
hy  masses.     Crystals  are  monoclinic  with  varying  habit. 
eavage,  perfect  in  one  direction  (010). 

.  =  2.  Sp.gr.  ±2.6, 

)lor,  deep  blue  or  bluish-green,  but  colorless  if  unaltered. 

jtical  Properties.  n^(1.62)  —  w^(1.57)  =  0.05.  Fragments  are 
natic  with  either  parallel  or  oblique  (28^°)  extinction.  Pleo- 
ic  from  blue  to  colorless  or  blue  to  green. 
Lemical  Composition.  Hydrous  ferrous  phosphate,  Feg- 
)2-8H20;  (H20  =  28.7  percent.).  It  usually  contains  some 
3  iron  as  the  result  of  oxidation. 

3wpipe  Tests.  Easily  fusible  (2)  to  a  black  magnetic  glob- 
In  the  closed  tube  gives  water  and  whitens.  It  gives  the 
s:  bead  test  for  ferrous  iron,  a  bead  made  blue  with  CuO 
ming  opaque  red  in  a  neutral  flame, 
luble  in  HNO3  or  HCl.  (NHJ2M0O4  gives  a  yellow  ppt. 
currence.  1.  As  a  secondary  mineral  in  veins  associated 
pyrite  and  pyrrhotite. 

In  clay  and  marl  beds  sometimes  replacing  fossils  and  in 
often  around  the  roots  of  trees.     At  MuUica  Hill,  New 
y,  it  replaces  fossil  belemnites. 

Erythrite,  Co3(As04)2-8H20 
nn.     This  mineral  occurs  in  minute  crystals  and  as  an 
station. 

=  2.  Sp.gr.  ±2.9. 

or,  pink  to  red. 

Seal  Properties.     71^(1.69)  -n„(1.62)  =0.07.    Fragments  are 
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prismatic  with  oblique  extinction  (31°)  and  are  pleochroic  from 
pale  to  deep  pink. 

Chemical  Composition.  Hydrous  cobalt  arsenate,  CogCAsOJ,* 
8H2O;  (H20  =  24.1  per  cent.).  The  cobalt  is  sometimes  replaced 
by  nickel  and  iron. 

Blowpipe  Tests.  Easily  fusible  (2)  coloring  the  flame  faint  blue. 
In  the  closed  tube  it  gives  off  water  and  turns  blue.  In  the  closed 
tube  with  charcoal  gives  an  arsenic  mirror. 

Soluble  in  HNO3  to  a  pink  solution.  With  (NHJ2M0O4  this 
solution  gives  a  yellow  ppt.  on  boiling. 

Occurrence.  1.  A  secondary  mineral  on  smaltite  and  cobal- 
tite,  and  hence  is  called  "  cobalt  bloom."   Schneeberg,  Saxony. 

WavelUte,  AlgCOH) gCPO,) 3-5H20 

Form.  Wavellite  occurs  in  hemispherical  or  radiating  crystal- 
line aggregates  and  in  stalactitic  forms.  Distinct  crystals  (ortho- 
rhombic)  are  very  rare. 

.    H.=3ito4.  Sp.gr.  ±2.3. 

Color,  green,  white,  yellow,  or  gray. 

Optical  Properties.  n^  =  1.52.  Fragments  are  prismatic  and 
acicular  with  parallel  extinction,  positive  elongation,  and  brigh: 
interference  colors. 

Chemical  Composition.  Hydrous  basic  aluminum  phosphate. 
Al3(OH)3(P04)2-5H20;  (H20  =  26.8  per  cent.).  Some  analyses 
show  a  little  fluorin. 

Blowpipe  Tests.  Infusible,  but  swells  and  splits.  In  the  closed 
tube  it  gives  water.  Heated  with  cobalt  nitrate  solution  in  the 
forceps  it  turns  deep  blue. 

Soluble  in  HCl.  I 

Uses.  At  Mount  Holly  Springs,  Penn.,  wavellite  has  been  used 
as  a  source  of  phosphorus.  j 

Occurrence.  1.  As  a  secondary  mineral  along  the  seams  of 
sandstones,  slates,  and  other  rocks. 
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.  Turquois,  H5[Al(OH)2]eCu(OH)(POJ, 

Form.  Turquois  occurs  in  seams  and  incrustations,  but  at 
one  locality  it  has  been  found  in  minute  triclinic  crystals. 

H.=6.  Sp.gr.  ±2.7. 

Color,  usually  bluish-green  but  varies  from  blue  to  green. 

Optical  Proper%s.  n  about  1.63.  Fragments  are  irregular, 
bluish  or  greenish  with  aggregate  polarization  in  low  first-order 
interference  colors. 

Chemical  Composition.  Acid  and  basic  aluminum  copper 
phosphate,  H6[Al(OH2)]6Cu(OH)(PO 4)4,  according  to  Schaller. 
[H20  =  19.5  per  cent.) 

Blowpipe  Tests.  Infusible,  but  turns  dark  when  heated  and 
^ives  a  green  flame  which  is  made  blue  by  HCl.  In  the  closed 
;ube  at  a  high  temperature  it  gives  water  and  turns  dark. 

Soluble  in  .HCl  after  gentle  ignition. 

Uses.  Turquois  is  used  extensively  as  a  gem.  Blue  stones 
ire  more  valuable  than  green  ones. 

Occurrence.  1.  In  seams  of  volcanic  rocks  such  as  trachytes 
ind  rhyolites.     Los  Cerrillos  Mts.,  New  Mexico  (in  andesite). 


10.  NITRATES,  BORATES,  AND  URANATF^ 

Soda  Niter,  NaNO, 

COLEliAiaTE,  CAfifii^.SHfi 
Boracite,  MgrCl^BisOso 

Ulexite,  IXaCeLBfltSBfi 

Borax,  JXsLfifl^lOHjO 

Uraninite,  UOj,  UO2,  Pb,  etc. 

Of  the  few  mineral  nitrates  known,  soda  niter  is  the  only  I 
of  importance.  ' 

Only  a  few  borates  are  prominent  as  minerals.  H3BOJ 
ortho-boric  acid.  Borax  is  a  salt  of  HjB^O^  derived  thj 
4H3BO3 -  5H2O  =  HjB.O^.  Ulexite  is  a  salt  of  HaB^O^  (5H3B 
-6H2O).  Colemanite  is  a  salt  of  H,B«Oii  (GHeBOj-THji 
Boracite  is  2(Mg3B80J-MgCl2  (8H3B03-9H2O  =  H«Bg6 
These  are  called  tetra-,  penta-,  hexa-,  and  octo-boric  aii 
respectively. 

Soda  Niter,  NaN03 

Form.  Soda  niter  is  found  in  crystalline  and  granular  masj! 
It  crystallizes  in  rhombohedrons  with  almost  the  same  angle^ 
the  unit  or  cleavage  rhombohedron  of  calcite  (1011:0111  = 

30'). 

Cleavage,  rhombohedral  like  calcite. 

H.  =  li  to  2.  Sp.  gr.±2.3. 

Color,  white  or  colorless.     Very  deliquescent. 

Optical  Properties.  n^(1.587)-n„(1.336)  =0.251.  The'; 
cal  properties  are  like  those  of  calcite.  It  recrystallizes  :'' 
water  solution  in  rhombic  shaped  crystals  (Fig.  506)  with  ^ 
metrical  extinction  and  very  high-order  interference  colors. 
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Chemical  Composition;  Sodium  nitrate,  NaNOg.  lodin  may 
be  present  in  the  form  of  Ca(I03)2  or  lautarite,  a  yellow  mineral. 

Blowpipe  Tests.  Easily  fusible  (1),  giving  an  intense  yellow 
flame.  With  KHSO4  i^  ^^^  closed  tube  it  gives  red-brown 
fumes  of  NO2. 

Soluble  in  water. 

Uses.  Soda  niter  is  used  as  a  fertilizer  and  also  in  the  manu- 
facture of  KNO3.     CJhili  furnishes  the  world's  supply. 

Occurrence.  1.  In  arid  regions.  Occurs  in  northern  Chili 
and  to  a  slight  extent  in  California  and  Nevada.  Soda  niter  is 
probably  formed  by  nitrifying  bacteria,  which  convert  nitrogen 
and  ammonia  into  nitrates. 


Fig.  506. — Soda  niter  recrystallized. 


FiQ.  507. — Boric  acid. 


COLEMANITE,  Csi,Bfi,^6nfi 

Form.  Colemanite  occurs  in  crystals,  which  often  line  geodes, 
and  in  crystalline  and  compact  masses.  The  crystals  are  mono- 
elinic  and  are  often  highly  modified. 

Cleavage,  perfect  in  one  direction  (010). 

H.=4i.  Sp.gr.  ±2.4. 

Color,  colorless  or  white. 

Optical  Properties.  n^(1.61)  -n^(1.58)  =0.03.  Fragments  are 
irregular  plates  with  bright  interference  colors.  WitB  HCl 
pseudo-hexagonal  crystals  of  boric  acid  separate  out  (Fig.  507) . 

Chemical  Composition.  Hydrous  calcium  hexa-borate, 
ajBeOii-SHgO;  (H20  =  21.9  per  cent.). 
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Blowpipe  Tests.  Fuses  easily  (1^)  with  exfoliation  coloring 
the  flame  green.     In  the  closed  tube  gives  water. 

Soluble  in  hot  HCl.     Boric  acid  separates  out  on  cooling. 

Uses*  Colemanite  is  the  principal  source  of  borax  and  boracic 
acid.     It  is  obtained  in  various  places  in  Southern  California. 

Occurrence.  1.  In  lake-beds  interstratified  with  Tertiarv 
sediments.     Calico,  San  Bernardino  County,  California. 


Boracite,  Mg^ClsB^QO 


30 


Form.  Occurs  in  small  embedded  isometric  crystals  and  in 
granular  masses  which  resemble  marble.  The  crystals,  which  are 
very  sharp  and  model-like,  though  small,  belong  to  the  isometric 
hextetrahedral  class  and  are  among  the  best  representatives  of 
that  class  obtainable.     The  usual  forms  are  the  cube    a {100), 

dodecahedron  djllO},  positive  tetrahe- 
dron 0  { 11 1 } ,  and  negative  tetrahedron 
Oi{  11 1 } .     Fig.  508  is  a  typical  crystal. 

H.  =  5  to  7.  Sp.  gr.  ±2.9. 

Color,  colorless  or  white. 

Optical    Properties.      n^(l  .673)  —n^- 

I  I  /    (1.662)  =0.011.     Fragments  are  irregu- 

V/V I     U<^     lar  with   low   first    order  interferencf 

■ colors    and   sometimes  dhow  polysyn- 

thetic  twinning.  Boracite,  though 
isometric,  shows  double  refraction.  This  optical  anomaly  may 
be  explained  by  assuming  that  the  boracite  substance  is  dimor- 
phous, for  the  double  refraction  disappears  at  265°  C. 

Chemical  Composition.  Magnesium  chlorid  octo-borate. 
Mg.Cl^B.eOgo  or  MgCl/2(Mg3B80iJ. 

Blowpipe  Tests.  Easily  fusible  at  2  with  intumescence,  color- 
ing the  flame  green.  With  a  NaPOg  bead  saturated  with  CuO 
it  gives  an  azure-blue  flame.  The  massive  variety  gives  water 
in  the  closed  tube. 

Soluble  in  HCl. 


Fig.  508. 
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Occurrence.  1.  In  gypsum;  anhydrite,  or  carnallite.  Stass- 
furt,  Germany. 

Ulexite,  NaCaBgOo'SHsO 

Form.     Ulexite  is  found  in  rounded  fibrous  masses,  locally 
called  "cotton-balls/' 
H.  =  l.  Sp.gr.  ±1.6. 

Color,  white.     Luster,  silky. 

Optical  Properties.  n=1.51.  Fragments  are  acieular  with 
parallel  extinction,  negative  elongation,  and  low  first-order  inter- 
ference colors. 

Chemical  Composition.  Hydrous  sodium  calcium  penta- 
borate,  NaCaBgOo'SHjO;  (HjO  =  35.5  per  cent.). 

Blowpipe  Tests.  Easily  fusible  (1)  with  intumescence,  color- 
ing the  flame  an  intense  yellow.     In  closed  tube  gives  water. 

Soluble  in  hot  HCl,  HgBOg  separating  out  on  cooling. 

Occurrence.  1.  In  playas  (the  dried-up  lakes  of  arid  regions) 
associated  with  borax,  gypsum,  and  halite.  Esmeralda  County, 
Nevada. 

Borax,  NajB^OylOHjO 

Form.     Borax  occurs  in  crystals  and  in  efflorescent  crusts.  The 
crystals  are  monoclinic  and  near  pyroxene  in  angles  and  habit. 
H.  =  2.  Sp.gr.  ±1.7. 

Color,  white  or  colorless.     Efflorescent. 

Optical  Properties.  n^(1.47)  —  n^(1.45)  = 
0.02.  Recrystallizes  from  water  solution  in 
crystals  having  (1)  low  first  order  interfer- 
ence colors  and  oblique  extinction  and  (2) 
bright  interference  colors  and  parallel  ex- 
tinction (see  Fig.  509) . 

Chemical  Composition.    Hydrous  sodium  p^^  gog 

tetraborate,    NajB^O/lOHjO;     (H20  =  47.2  Borax  recrystalliaed. 

per  cent.). 

Blowpipe  Tests.     Easily  fusible  (1)  to  a  clear  glass  giving  an 
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intense  yellow  flame.  A  solution  in  alcohol  burns  with  a  green 
flame. 

Soluble  in  water. 

Uses.  Borax  has  many  uses,  but  most  of  the  borax  of  com- 
merce is  now  made  from  colemanite. 

Occurrence.  1 .  In  lake-deposits  in  arid  regions  associated  with 
halite,  trona,  theuardite,  glauberite,  hanksite,  gypsum,  etc. 
Searles'  borax  marsh,  San  Bernardino  County,  California.  The 
borates  are  leached  from  Tertiary  lake  sediments  in  near-by  hills. 

Uraninite,  UO3,  UOj,  Pb,  etc. 

Form.  Uraninite  is  very  rarely  found  in  isometric  octahedral 
crystals.  It  is  usually  massive  and  sometimes  has  a  botryoidal 
surface. 

H.  =  5i.  Sp.  gr.  7.5  to  9.5. 

Color,  dark  brown  to  black.  Luster,  submetallic  or  pitch- 
like.    Streak  usually  olive-green. 

Optical  Properties.  n>  1.74.  Fragments  are  irregular,  some- 
times translucent  brown  and  isotropic,  sometimes  opaque. 

Chemical  Composition.  Uncertain.  Analyses  show  varying 
amounts  of  UOj,  UO3,  Pb,  and  Th.  Also  contains  helium  and 
radium. 

Blowpipe  Tests.  Infusible.  The  NaPOg  hes^d  is  yellowish- 
green  in  O.F.  and  green  in  R.F. 

Soluble  in  HNO3.  With  NH^OH  the  solution  gives  a  yellow 
precipitate. 

Uses.  Uraninite  is  the  source  of  uranium  compounds  and  also 
of  radium  compounds. 

Occurrence.  1.  In  veins  with  metallic  sulfids.  Joachimsthal, 
Bohemia. 

2.  In  granite-pegmatites.     Llano  County,  Texas. 


Barite  Group 


11.  SULFATES 

A,  Normal  Anhydrous  Sulfates 

BARITE,  BaSO« 

CELESTITE,  SrSO, 
AWGLESITE,  PbSO^ 
ANHYDRITE,  CaSO, 
Crocoite,  PbCrO^ 


B,  Basic  and  Hydrous  Sulfates 

Kainite,  MgJSO^'KCl'SBjO 

Brochantite,  Cu^i^OH)^^ 

MirabUite,  Na^SO  « lOfi^O 

GYPSUM,  CaSO,2H20 

Epsomite,  MgSO^-THp 

Melanterite,  FeSO^-THaO 

Chalcanthite,  CuS04-6HaO 

Copiapite,  Fe^COH)  aCSOJ  »•  nHjO 

Alunite,  KA1,(0H)  eCSO  J  3 

A  large  number  of  sulfate  minerals,  most  of  them  basic  and 
hydrous  salts,  are  known  but  comparatively  few  are  of  much 
importance.  They  are  all  salts  of  H2SO4.  No  sulfites,  pyrosul- 
f ates,  thiosulfates,  or  persulfates  are  known  among  minerals. 

BARITE  GROUP— ORTHORHOMBIC 

In  habit,  angles,  and  cleavage  barite,  celestite,  and  anglesite 
are  similar,  and  thus  constitute  an  isomorphous  group.  One 
would  expect  to  find  anhydrite  in  this  group,  but  it  differs  in 
angles  and  especially  in  cleavage.  There  are  isomorphous  mix- 
tures of  BaS04  and  SrS04,  but  they  do  not  seem  to  mix  with 
PbSO^. 
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BARITE,  BaSO, 

Form.  Barite  occurs  in  crystals,  in  crested  groups,  in  lamel- 
lar, nodular,  fibrous,  and  granular  masses. 

Rhombic  bipyramidal  class:  a:&:c  =  0.815: 1:1.313.  Usiu\. 
forms:  c{001},  m{110},  o{011}_,  d{102},  Z{104},  ^{lll},  2/{122: 
Interfacial  angles:  mm(110:110)  =78°  22^';  co(001 :011)  =52 
43';cd(001:102)=38°  51^';  d(001:104)  =21°  56i';  C2(001 :111)- 
64°  19';  02/(011: 122)  =26°  1'.  The  habit  is  usually  tabuL 
parallel  to  {001},  as  represented  in  Figs.  510  to  513,  hv 
prismatic  crystals  are  also  common. 


Fia.  610.  FiQ.  611.  Fia.  512.  Fia.   613. 

Cleavage,  parallel  to  c  { 001 }  and  to  m  { 1 10 } .  The  cleavage  fori. 
is  like  Fig.  510,  with  two  right  angles  and  one  oblique  angl, 
(78°  22'). 

H.=3.  Sp.gr.  ±4.5. 

Color,  colorless,  white,  and  almost  any  color. 

Optical  Properties.  n^(1.647)  -  n„(1.636)  =0.011.  Fragmen  i 
are  rhombic  with  symmetrical  extinction  or  rectangular  \\\v. 
parallel  extinction.     The  interference  colors  are  bright. 

Chemical  Composition.  Barium  sulfate  BaSO^;  (Ba  =  r)S 
per  cent.).     Sr  and  Ca  often  replace  part  of  the  Ba. 

Blowpipe  Tests.  Fusible  (4)  coloring  the  flame  yellowish-gret^r 
Unaltered  in  the  closed  tube,  but  usually  decrepitates.  Ti 
water  solution  of  the  soda  fusion  gives  a  white  precipitate  wi* 
BaClj,  which  is  insoluble  in  HCl. 

Insoluble  in  acids. 

Uses.     Barite  is  used  in  the  manufacture  of  paint  as  a  sub? 
tute  for  white  lead. 

Occurrence.  1.  As  a  gangue  mineral  in  veins,  especially  wi* 
lead  ores. 
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2.  As  lenticular  masses  in  residual  clays  overlying  limestones. 
These  masses  have  probably  been  formed  by  the  metasomatic 
replacement  of  limestone.     Washington  County,  Missouri. 

3.  As  a  secondary  mineral  in  cavities  of  limestone.  It  some- 
times replaces  fossils. 

CELESTITE,  SrSO, 

Form.  Celestite  occurs  in  crystals,  in  cleavable  masses,  and  in 
fibrous  seams.  The  crystals  are  like  barite  in  habit,  forms,  and 
angles.  Crystals  one  and  a  half  feet  in  length  have  been  found 
on  the  Island  of  Put-In-Bay,  Lake  Erie. 

Cleavage,  perfect  parallel  to  {001}  and  imperfect  parallel  to 
{110}.  The  imperfect  prismatic  cleavage  distinguishes  celestite 
from  barite. 

H.=3.  Sp.gr.  ±3.9. 

Color,  colorless,  white,  pale  blue,  and  sometimes  red. 

Optical  Properties.  n^(1.631)  - n^(1.622)  =0.009.  Fragments 
are  like  those  of  barite. 

Chemical  Composition.  Strontium  sulfate,  SrSO^;  (Sr  =  47.7 
per  cent.).     Sometimes  Ca  and  Ba  are  present. 

Blowpipe  Tests.  Fusible  (4)  giving  a  crimson  red  flame  espe- 
cially with  HCl.  The  water  solution  of  the  soda  fusion  gives  a 
white  precipitate  with  BaClj,  which  is  insoluble  in  HCl. 

Insoluble  in  acids. 

Uses.  Celestite  is  used  to  some  extent  in  the  manufacture  of 
fire-works.  ^ 

Occurrence.     1.  As  a  secondary  mineral  in  limestone.     Near 
Austin,  Texas. 
.  2.  With  sulfur  and  gypsum  in  marl.     Girgenti,  Sicily. 

ANGLESITE,  PbSO, 

Form.  There  are  two  characteristic  occurrences  of  anglesite, 
in  crystals  in  cavities,  and  in  masses  with  a  banded  structure. 
The  crystals  are  orthorhombic  and  of  varied  habit.     See  Figs. 


372        INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

514,  515,  and  516,  in  which  m{110},  a{100},  c{001},  d{102; 
o{011},  2J111},  y{122}.     Anglesite  can  usually  be  recognize: 
(also  distinguished  from  cerussite)  by  the  resemblance  to  barit: 
crystals,  the  angles  being  almost  the  same  as  for  barite.     Unlike 
cerussite  it  never  occurs  in  twin-crystals. 
Cleavage,  imperfect  and  not  important. 


H.=3. 


Sp.  gr.  ±6.3. 


Color,  colorless,  white,  or  gray.     Luster,  adamantine. 
Optical  Properties.     n^(1.893)  -  n„(1.877)  =0.016.     Fragment- 


Fig.  514. 


Fig.  615. 


Fig.  516. 


are  irregular  with  bright  interference  colors  (cerussite  has  ve:| 
high  order  colors). 

Chemical  Composition.  Lead  sulfate,  PbSO^;  (Pb  =  68.3  p 
cent.). 

Blowpipe  Tests.  Easily  fusible  (IJ)  on  charcoal  to  a  wli::| 
globule.     In  R.F.  on  charcoal  gives  a  metallic  button. 

Soluble  in  HNO3  with  difficulty.  Soluble  in  NH^C^Hj'J 
(made  by  neutralizing  acetic  acid  with  ammonia). 

Uses.     Anglesite  is  one  of  the  minor  ores  of  lead. 

Occurrence.  1.  As  a  secondary  mineral  in  lead  mines  or  in  :b 
gossan  of  veins.  It  often  accompanies  cerussite  and  is  son:'' 
times  pseudomorphous  after  galena.  Phoenixville,  Pennsylvani 
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ANHYDRITE,  CaSO, 

Form.     Anhydrite  occurs  in  cleavable  and  granular  masses  and 
but  rarely  in  orthorhombic  crystals. 
Cleavage,  in  three  directions  at  right  angles  (pseudo-cubic). 

H.  =  3to3J.  Sp.gr.  ±2.9. 

Color,  colorless,  white,  gray,  bluish,  or  reddish.  Luster,  pearly 
on  cleavage  faces. 

Optical  Properties.  n^(1.61)  —  n^(1.57)  =0.04.  Fragments  are 
square  and  rectangular  with  parallel  extinction  and  bright  inter- 
ference colors.  There  are  often  twinning  striations  parallel  to  the 
diagonals  of  the  squares.  With  dilute  HCl  miciochemical  gypsum 
is  formed  (Fig.  387,  p.  198). 

Chemical  Composition.  Calcium  sulfate,  CaS04;  (Ca  =  29.4 
per  cent.). 

Blowpipe  Tests.  Fuses  (3)  and  colors  flame  yellowish-red. 
In  the  closed  tube  may  yield  a  little  water  due  to  partial 
hydration  to  gypsum. 

Soluble  with  difficulty  in  HCl. 

Occurrence.  1.  In  salt  mines  as  the  direct  deposition  of  sea- 
water.     Ellsworth  County,  Kansas. 

2.  In  cavities  in  limestone.     Lockport,  New  York. 

3.  In  veins  or  vein-like  deposits.     Shasta  County,  California. 

Crocoite,  PbCrO^ 

From.     Crocoite  is  found  in  prismatic  (monoclinic)  crystals  of 
nearly  square  cross  section  and  in  columnar  aggregates. 
H.=3.  Sp.gr.  ±6.0. 

Color,  red.     Streak,  orange.     Luster,  adamantine. 

Optical  Properties.  n^  =  2.4.  Double  refraction  very  strong. 
?'ragments  are  prismatic  with  parallel  extinction,  very  high  order 
nterference  colors,  and  pleochroism  from  yellow  to  red. 

Chemical  Composition.  Lead  chromate,  PbCrO^;  (Pb=64.1 
>er  cent.). 

Blowpipe  Tests.  Easily  fusible  (IJ)  on  charcoal  giving  a 
aetallic  button.     In  the  closed  tube  turns  dark  and  decrepitates. 
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Occurrence.  1.  A  secondary  mineral  in  the  gossan.  Near 
DundaS;  Tasmania^  crocoite  occurs  in  a  limonite  matrix. 

Kainite,  MgSO.KCl SH^O 

Form.     Kainite  usually  occurs  in  granular  masses. 

H.  =  2J.  Sp.gr.  ±2.1. 

Color,  white,  colorless  or  reddish. 

Optical  Properties.  n^(1.52)— n^(1.49)  =0.03.  Recrystallizes 
from  water  solution  in  the  following  order:  (1)  K2Mg(S04)2- 
6H2O,  prismatic  crystals  with  oblique  extinction.  (2)  KCl,  iso- 
tropic squares.     (3)    MgSO^'THjO  and  MgClj-GHjO,   confused 

streaky  aggregates.  Fig.  517  represents 
the  three  stages  of  crystallization.  The 
equation  is  3MgSO,KCl  =  K2Mg(SO,)2-f 
KCl  +  MgSO,  +  MgClj  (water  is  omitted) . 

Chemical  Composition.  Hydrous  mag- 
nesium sulfate  and  potassium  chlorid. 
MgSO.KCl-SHjO;  (H20  =  21.7  per  cent.). 
Blowpipe  Tests.  Easily  fusible  (2)  color 
ing  the  flame  violet.  In  the  closed  tube 
gives  water. 

Soluble  in  water.      The  solution  gives 
wet  tests  for  Mg,  SO4,  and  CI. 

Uses.  Kainite  is  used  extensively  as  a  fertilizer  and  as  a 
source  of  potassium  salts. 

Occurrence.  1.  A  secondary  mineral  of  the  Stassfurt  salt 
deposits  resulting  from  the  action  of  magnesium  sulfate  on 
carnallite. 

Brochantite,  Cu4(OH)6S04 

Form.     Brochantite  is  found  in  small  prismatic  crystals,  in 
drusy  crusts,  and  in  fibrous  masses. 
H.=3i.  Sp.  gr.  ±3.9. 

Color,  green. 


FiQ.  517. 
Kainite  rocrystaUized. 


SULFATES  375 

.  Optical  Properties.  n^>  1.74,  n^.<  1.74.  Fragments  are  pris- 
oiatic  with  parallel  extinction. 

Chemical  Composition.  Basic  copper  sulfate,  Cu4(0H)e  SO^ 
or  CuS04-3Cu(OH)2;  (H20  =  12  per  cent.). 

Blowpipe  Tests.  Fusible  at  3J.  In  the  closed  tube  turns 
black  and  gives  off  water. 

Insoluble  in  water.  Soluble  in  HNOg  without  effervescence 
(distinction  from  malachite,  which  it  greatly  resembles) . 

Occurrence.  1.  A  secondary  mineral  associated  with  other 
3opper  minerals.     Morenci,  Arizona. 

MirabiUte,  Na^SO^  lOH^O 

Form.     In  crusts  and  as  a  powder.     Crystals  are  very  rare. 
H.  =  li  to  2.  Sp.  gr.±1.5. 

Color,  white. 

Optical  Properties,  n.  about  1.44.  Recrystallizes  from  a 
svater  solution  in  long  prismatic  crystals  with  low  first  order 
interference  colors  and  parallel  extinction 
(Fig.  518). 

Chemical  Composition.  Hydrous  sodium 
sulfate,  NaaSO^-lOHjO;  (H30  =  55.9  per 
jent.). 

Blowpipe  Tests.  Easily  fusible  (IJ) 
giving  an  intense  yellow  flame.  In  the 
closed  tube  gives  abundant  water. 

Soluble  in  water.  ^^^'  ^i^- 

-.  ^     T  111  T .   -  Mirabilite  recrystallized. 

Occurrence.     1.  In  soda  lakes.     It  forms 
ilo'ng  the  shores  of  Great  Salt  Lake  in  Utah  during  the  winter. 
2.   As  an  efflorescence  in  caves  and  other  protected  places. 

GYPSUM,  CaSO,  2H2O 

Form.     In  form  gypsum  is  variable.     It  occurs  in  embedded 
ind  attached  crystals,  in  cleavable  and  crystalline  masses,  and  in 
Sbrous  and  granular  masses, 
22 
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Monoclinic  system,  prismatic  class.  a:&:c  =  0.690: 1:0.41: 
/?  =  80°  42'.  Usual  forms:  m{110},  ^{111},  &{Oj.O},  e[m 
Interfacial  angles:  mm(lld:  110)  =68°_30';_ZZ(111 :  11 1)  =36 
mZ(110:lll)=49°  9';  ae(edge  110-110:T03)  =87°  49'. 
habit  is  usually  tabular  parallel  to  the  side  pinacoid  {0 10} .  Fi 
519  to  521  represent  typical  crystals. 

Twins  with  {100}  as  twin-plane  are  common  (Fig.  522). 


Ti 


Fig.  519. 


Fig.  520. 


Fig.  521. 


Fia.  522. 


Cleavage,  perfect  in  one  direction  parallel  to  {010}, 
imperfect  conchoidal  parallel  to  {100}  and  fibrous  parallel 
{111}.  A  cleavage  fragment  is  oriented  with  respect  to: 
crystal  outline  as  shown  in  Fig.  306  (p.  105). 

H.  =  2.  Sp.gr.  ±2.3. 

Color,    colorless,    white,    amber,    gray,    pink,    etc.     Lusti 
vitreous,  silky,  or  pearly. 

Optical  Properties.     n^(1.529)  -  n„(1.520)  =0.009.     Fragmei 
are  prismatic  or  acicular  or  platy  with  bright  interference  col 
and  extinction  angles  of  0°,  13i°,  or  37^°.     Recrystallizes  fr 
dilute  HCl  solution  as  microchemical  gypsum  (Fig.  387,  p.  19^ 

Chemical  Composition.  Hydrous  calcium  sulfate,  CaSO^^E. 
(H2O  =  20.9  per  cent.).  Massive  gypsum  may  contain  CaC 
clay,  sand,  or  organic  matter. 

Blowpipe  Tests.     Easily  fusible  (3)  to  a  white  enamel  giv 
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a  yellow-red  flame.  In  the  closed  tube  becomes  opaque  and 
gives  ofif  water  at  a  low  temperature.- 

Easily  soluble  in  dilute  HCl  (distinction  from  anhydrite) . 

Uses.  Gypsum  is  extensively  used  in  the  manufacture  of  plaster 
and  as  a  fertilizer. 

Occtirrence.  1.  In  bedded  deposits  associated  with  salt  and 
limestone  and  formed  directly  by  the  evaporation  of  inland  seas. 

2.  As  a  secondary  mineral  in  various  rocks,  formed  principally 
by  the  action  of  sulfuric  acid  or  ferrous  sulfate  (produced  by  the 
oxidation  of  pyrite)  on  calcium  carbonate. 

3.  As  a  hydration  product  of  anhydrite.  At  the  Ludwig  mine 
in  Lyon  County,  Nevada,  the  hydration  has  reached  a  depth  of 
400  feet. 

Epsomite,  MgSO^  THjO 

Form.     Epsomite  is  found  in  fibrous  masses,  in  crusts,  and 

occasionally  in  prismatic  crystals  belonging  to  the  bisphenoidal 

class  of  the  orthorhombic  system.     Fig.  81  (p.  31)  represents  a 

typical  crystal. 

.  H.  =  2  to  2i.  Sp.  gr.±1.7. 

Color,  colorless  or  white. 

Optical  Properties.  71^,(1.46)  -  n^(1.43)  = 
0.03.  Recrystallizes  from  a  water  solution 
In  prismatic  crystals  with  parallel  extinc- 
tion and  low  first  order  interference  colors 
(Fig.  523). 

Chemical  Composition.     Hydrous  mag-  ^^°-  ^^3. 

tiesium  sulfate,  MgS0,-7H,0;  (H,0  =  51.2.)     e«— *« -^'*"-»- 

Blowpipe  Tests.  Easily  fusible  ( 1) .  It  gives  abundant  water  in 
}he  closed  tube. 

Soluble  in  water. 

Occurrence.  1.  As  an  efflorescence  in  abandoned  mine  drifts, 
;aves,  and  other  protected  places.     New  Almaden,  California. 

2.  In  lake  deposits.  Large  deposits  occur  in  Albany  County, 
iVyoming,  along  with  mirabilite. 
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Melanteiite,  FeSO^-THjO 

Form.  Melanterite  usually  occurs  in  fibrous  crusts  or  in 
capillary  crystals. 

H.  =  2.  Sp.gr.  ±1.9. 

Color,  white  or  pale  green,  becoming  yellow  on  exposure. 

Optical  Properties.  n^(  1 .49)  -  n^(  1 .47)  =  0.02.  Recrystallizes 
from  a  water  solution  in  long  prismatic  crystals  with  parallel 
extinction  and  low  first  order  interference  colors  (like  epsomite, 
Fig.  523). 

Chemical  Composition.  Hydrous  ferrous  sulfate,  FeSO^-THjO: 
(HjO  =  45.3  per  cent.) .  It  may  also  contain  Mg,  Mn,  Cu,  and  ferric 
iron. 

Blowpipe  Tests.  Easily  fusible  (1).  In  the  closed  tube  give< 
water  which  has  an  acid  reaction.  On  charcoal  R.F.  gives  a 
magnetic  residue. 

Soluble  in  water. 

Occurrence.  1.  A  secondary  mineral  usually  formed  by  tho 
oxidation  of  pyrite  or  marcasite.  Cabinet  specimens  of  these 
minerals  sometimes  go  to  pieces  because  of  their  alteration  to 
melanterite  and  sulfuric  acid. 

Chalcanthite,  CuSO^-SHjO 

Form.  Chalcanthite  occurs  as  an  incrustation  or  as  fibrou? 
seams.  Artificial  crystals  of  this  substance  furnish  us  among  tht- 
best  examples  of  triclinic  crystals. 

H.=2i.  Sp.gr.  ±2.2. 

Color,  blue. 

Optical  Properties.  n^(1.54)  —  n^(1.51)  =0.03.  Recrystallize< 
from  water  solution  in  pale  blue  prismatic  crystals  with  oblique 
extinction  (10°  to  15°). 

Chemical  Composition.  Hydrous  copper  sulfate,  CuSO^-SHjO- 
(H20  =  36.1  per  cent.).     It  often  contains  iron. 
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Blowpipe  Tests.  Fusible  at  3.  In  the  closed  tube  turns  white, 
then  black,  yielding  abundant  water. 

Soluble  in  water.  The  water  solution  placed  on  metallic  iron 
(knife-blade)  gives  a  film  of  copper. 

Occurrence.  1.  A  secondary  mineral  often  found  in  aban- 
doned mine  drifts.    Butte,  Montana. 

Copiapite,  Fe4(OH)2(S04)5l7H20 

Form.  This  mineral  usually  occurs  in  granular  masses  or  as 
an  incrustation. 

H.  =  2i.  Sp.gr.  ±2.1. 

Color,  yellow.     Taste,  metallic  astringent. 

Optical  Properties.  n^(1.572)  -  n„(1.527)  =0.045.  Fragments 
are  irregular  or  plates  with  bright  interference  colors  and  are 
pleochroic,  changing  from  pale  to  deep  yellow. 

Chemical  Composition.  Hydrous  basic  ferric  sulfate,  Fe^ (OH)  ^ 
(SOJ5-17H20;  (H20  =  31.1  percent.). 

Blowpipe  Tests.  Fusible  with  difficulty  (5).  In  the  closed 
tube  yields  water  which  has  an  acid  reaction  and  leaves  a  dark 
red  residue  (FogOg).     On  charcoal  R.F.  becomes  magnetic. 

Partially  soluble  in  water.  On  boiling  the  water  solution, 
Fe(0H)3  is  precipitated. 

Occurrence.  1.  A  secondary  mineral  formed  by  the  oxidation 
of  pyrite  or  marcasite.  Large  deposits  occur  in  the  desert  regions 
of  Chili  near  Copiapo.     The  name  was  derived  from  this  locality. 

Alunite,  KAlg  (OH) « (80^)2 

Form.  Alunite  occurs  in  cavities  of  a  siliceous  rock  or  dis- 
neminated  through  the  rock  mass.  The  crystals  are  very  small 
ind  belong  to  the  hexagonal  system.  The  habit  is  usually 
tabular  with  the  pinacoid  {0001}  and  the  rhombohedron  {1011}. 

H.=4.  Sp.gr.  ±2.8. 

Color,  colorless,  white,  or  gray. 
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Optical  Properties.  n^(1.59) -n^(1.57)  =0.02.  Fragmec 
are  irregular  with  bright  interference  colors.  Small  crystals  a 
triangular,  dark  between  crossed  nicols  (basal  sections),  ai 
give  a  positive  uniaxial  interference  figure  in  convergent  light. 

Chemical  Composition.  Basic  potassiunir  aluminum  sulfa 
K2SO,-Al2(SO,)3-4Al(OH)8;  (HjO  =  13.0  per  cent.). 

Blowpipe  Tests.  Infusible  and  turns  blue  with  cobalt  mxu 
solution.  In  the  closed  tube  gives  water  which  has  an  at 
reaction. 

Soluble  in  HjSO,. 

Uses.  Alum  is  obtained  from  the  alunite  rock  by  roasting  a: 
leaching  with  water. 

Occurrence.  1.  In  cavities  of  trachytes  and  rhyolites,  and 
a  metasomatic  replacement  of  these  rocks.  Alunite  is  fore 
by  the  action  of  sulphurous  vapors  on  orthoclase.  Mii 
Hungary. 


12.  TUNGSTATES  AND  MOLYBDATES 


Wolframite 
Group 

Scheelite 
Group 


/  Wolframite,  (Fe,Mn)WO, 
\  Hiibnerite,     (Mn,Fe)WO, 

Scheelite,       CaWO^ 
Wulfenite,      PbMoO, 


WOLFRAMITE  GROUP— MONOCLINIC 


J 

Fe 

Mn 

WO, 

Wolframite 

14.5 
7.4 
1.1 

3.2 
11.1 
17.9 

83.0 
81.0 
80.4 

Wolframite 

Hiibnerite   

Wolframite,  (Fe,Mn)WO, 

Form.  Wolframite  occurs  in  crystals  and  in  crystalline  aggre- 
gates. The  crystals  are  monoclinic  and  are  usually  tabular 
parallel  to  {100}. 

Cleavage,  perfect  in  one  direction  parallel  to  {010}. 

H.  =  5  to  5 J.  Sp.  gr.  +  7.4. 

Color,  black  or  dark  brown.     Luster,  sub-metallic.   Opaque. 

Chemical  Composition.  Iron-manganese  tungstate,  (Fe,Mn)  WO^, 
vvith  iron  predominating. 

Blowp'pe  Tests.  Fusible  (3)  to  a  magnetic  globule.  The  soda 
'usion  is  bluish-green  (Mn). 

Soluble  in  aqua  regia  with  the  separation  of  WOg,  a  yellow 
•esidue. 

Uses.     Wolframite  is  the  principal  source  of  tungsten. 

Occurrence.  1.  A  vein  mineral  especially  in  'tin-stone  veins 
associated  with  cassiterite,  scheelite,  etc.   Zinnwald,  Bohemia. 

381  ' 


382        INTRODUCTION  TO  THE  STUDY  OF  MINERALS 


Hubnerite,  (Mn,Fe)W04 

Form.  Hubnerite  usually  occurs  in  bladed  crystalline  age 
gates. 

Cleavage,  in  one  direction  parallel  to  the  length. 

H.  =  5  to  5i.  Sp.  gr.±7.2. 

Color,  reddish-brown.     Luster,  sub-metallic. 

Optical  Properties,     n  >  1.66,  n  <  1.74.  Fragments  are  prisir 
with  parallel  extinction. 

Chemical  Composition.  Manganese-iron  tungstate,  (Mnr 
WO 4,  with  manganese  predominating. 

Blowpipe  Tests.     Fusible  at  4.     Gives  the  Mn  bead  tests. 

Insoluble  in  acids.  The  soda  fusion  gives  a  yellow  res: I 
(WOg)  with  HCl. 

Occxirrence.     1.  A  vein  mineral  often  associated  with  scheeJ 

SCHEELITE  GROUP— TETRAGONAL 

Besides  CaWO^  and  PbMoO^  there  are  also  CuWO^,  CaM' 
and  PbWO^,  which  are  similar  crystallographically .  Isomorph 
replacement  is  illustrated  by  the  following  analyses: 


Ca 


Pb 


WO, 


MoO, 


Misc. 


Scheelite 

Scheelite 

Scheelite  (Cuproscheelite) . . . 
Wulfenite 


13.8 

•   •  •   • 

89.9* 

0.4 

14.5 

•   •  •   • 

80.3 

9.1 

12.9 

•   •  •   • 

81.7 

0.9 

53.7 

...... 

43.8 

Cu  =  2.6;  SiO.-l 
Cu  =  0.3;  Al,tV 
Fe,0,  =  0.5 


Scheelite,  CaWO^ 

Form.  Scheelite  occurs  in  both  crystals  and  massive  :• 
Crystals  are  tetragonal  and  belong  to  the  tetragonal  bipyran. 
class  with  but  one  plane  of  symmetry,  which  is  the  horizo: 
The  habit  is  pyramidal  with  {111}  or  {101}  as  the  doni> 
form.     Angles:  (lllrTll)  =79°  55^';  (101:  011)=72^40J. 

Cleavage,  distinct  parallel  to  {111}  (in  four  directions) . 
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H.  =  4i  to  5.  Sp.  gr.+6,0. 

Color,  white,  gray,  or  pale  colors.     Luster,  sub-adamantine. 

Optical  Properties.  7i^(1.93)  —  7i^(1.92)  =0.01.  Fragments  are 
rregular  with  bright  interference  colors.   . 

Chemical  Composition.  Calciupi  tungstate,  CaW04;(Ca  =  16.9 
Dercent.).  The  tungsten  is  often  partly  replaced  by  molybde- 
lum  and  the  calcium  by  copper. 

Blowpipe  Tests.  Fusible  with  difl&culty  (5) .  The  NaPOj  bead 
s  blue  in  R.F. 

Decomposed  by  HCl  with  the  separation  of  a  yellow  residue 
[WOg)  which  is  soluble  in  NH^OH. 

Uses.     Scheelite  is  one  source  of  tungsten. 

Occurrence.  1.  In  veins,  especially  in  tin-stone  veins  with 
;assiterite,  fluorite,  topaz,  etc. 

Wulfenite,  PbMoO, 

Form.  Wulfenite  usually  occurs  in  crystals  which  are  tetra- 
gonal and  usually  tabular  in  habit.  Fig.  524  is  a  plan  of  the 
jommon  type  of  crystal  with  c{001 }  and  u{  102} . 

H.  =  3.  Sp.gr.  ±6.7. 

Color,  yellow,  orange,  or  red.      Luster,  ada- 
nantine. 

Optical  Properties.     n^(2.40)  -  n^(2.30)  =  0. 10. 
Fragments  are  irregular  and  yellow  with  rather 
ligh  interference  colors.    Thin  tabular  crystals 
;ive  a  negative  uniaxial  interference  figure  in        Fiq.  524. 
onvergent  light. 

Chemical  Composition.  Lead  molybdate,  PbMoO^;  (Pb  =  56.4 
>er  cent.). 

Blowpipe  Tests.  Easily  fusible  (2)  on  charcoal  giving  a  metallic 
►utton.     The  NaPOg  bead  is  green  in  R.F. 

Decomposed  by  HCl. 

Uses.     Wulfenite  and  molybdenite  are  sources  of  molybdenum. 

Occurrence.  1.  A  secondary  mineral  in  veins,  often  associated 
/ith  vanadinite.     Yuma  County,  Arizona. 


13.  SILICATES 

About  a  fourth  of  the  known  minerals  are  silicates,  though 
many  of  them  are  very  rare.  They  are  the  most  important  rock- 
forming  minerals  and  thus  make  up  the  bulk  of  the  earth's  crust. 
Among  the  important  rock-making  minerals  are  the  feldspars, 
the  pyroxenes,  the  amphiboles,  and  the  micas.  These,  together 
with  quartz,  constitute  about  87  per  cent,  of  the  solid  crust  of  the 
earth  according  to  F.  W.  Clarke,  while  the  feldspars  alone  con- 
stitute about  60  per  cent,  of  the  earth's  crust. 

Many  of  the  ^silicates  are  complex  in  composition  and  the 
establishment  of  chemical  formulae  of  some  of  them  has  baffled 
the  skill  of  many  eminent  chemists.  In  a  chemical  discussion 
of  the  silicates  the  starting  point  is  H^SiO^,  which  is  called  ortho- 
silicic  acid.  The  compound  HjSiOs,  derived  thus  (H^SiO^  —  HjOj  = 
HjSiOg)  is  called  metasilicic  acid.  A  large  number  of  ortho- 
silicates  and  metasilicates  are  known  among  minerals,  but  many 
silicates  cannot  be  placed  in  either  of  these  divisions.  So  the 
assumption  has  been  made  that  other  silicic  acids  are  possible. 
Among  them  are  H^SiaOy  (2H4Si04  — HjO),  diorthosilicic  acid; 
HjSijOg  (HjSiOg  +  SiOj),  dimetasilicic  acid.  In  a  similar  way 
H^SigOg,  HgSigOjo,  HflSiOg  and  HjoSijOj^  may  be  derived.  Minerals 
corresponding  to  all  these  acids  are  known. 

Another  method  formerly  used  by  chemists,  and  still  employed 
by  metallurgists  is  based  upon  the  ratio  of  the  oxygen  of  silica  in 
that  of  the  bases.  RjSiO^  may  be  written  2RO-Si02.  Here  the 
oxygen  ratio  is  1 : 1,  so  orthosilicates  are  called  unisilicates.  Meta- 
silicates, RSiOj  or  ROSiOj,  are  called  bisilicates.  Polysilicates 
have  the  formula  RO-nSiOj  and  subsilicates,  nROSiOg,  where  n 
is  greater  than  2. 

The  difficulty  of  assigning  formulae  to  many  silicate  minerals 
lies  in  the  fact  that  it  is  often  difficult  to  decide  upon  the  valence 
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and  grouping  of  the  basic  elements.  Many  silicates  give  water 
when  heated  in  a  closed  tube,  but  it  is  often  diflBicult  and  sometimes 
impossible  to  determine  whether  hydroxyl  (OH),  hydrion  (H), 
or  so-called  water  of  crystallization  (H2O)  is  present.  HjZnj- 
SiOg  is 'the  empirical  formula  for  the  mineral  calamine.  It  may 
be  an  acid  oxy-orthosilicate,  H2(Zn20)Si04;  a  basic  metasilicate, 
Zn2 (011)28103;  or  an  acid  salt  of  H^SiOg,  one  of  the  possible  silicic 
acids.  Serpentine  H^MggSijO^  presents  a  similar  problem,  for  it 
may  be  written  H2Mg3(SiO,)2'H20,  H3Mg30H(SiO,)2,  HjMg,- 
(OH)2Si207,  or  Mg3Si20,-2H20. 

The  silicates  may  be  conveniently  divided  into  five  groups  as 
follows:  A.  Feldspars,  salts  of  H^SigOg  and  isomorphous  mixtures 
of  these  salts  with  the  orthosilicate  CaAlgSijOg;  B.  Metasilicates; 
C.  Orthosilicates;  D.  Miscellaneous  anhydrous  silicates,  and  E. 
Hydrous  silicates. 

A.  FELDSPARS 


Plagioclase 


ORTHOCLASE,  KAlSisOg 
mCROCLINE,  KAlSi.O, 
ALBITE,  NaAlSi.Os 

OLIGOCLASE,      mNaAlSi,0  g + nCaAlSiaO  g 
LABRADORITE,  mCaAlSi^Og+nNaAlSisO, 


The  following  are  typical  analyses  of  the  various  feldspars: 

Analyses  of  the  Feldspars 


KtO 

NasO 

CaO 

AhOs 

SiOs 

Orthoclsse 
Adularia  . . 
Microctine . 


Albite 

Oligoolase  . . 
Andesine . . . 
Labradorite 
Bytownite  . 
Anorthite  . . 


11.7 

4.3 

0.5 

18.8 

64.6 

14.0 

1.0 

1.3 

17.9 

65.7 

13.5 

1.6 

19.6 

64.8 

0.5 

11.1 

0.4 

19.3 

68.8 

1.3 

8.6 

4.8 

23.8 

61.3 

1.0 

6.2 

8.1 

26.6 

58.0 

tr 

4.4 

12.0 

29.6 

54.2 

0.6 

1.8 

16.1 

31.1 

46.9 

0.2 

19.3 

36.8 

44.0 

Misc. 

BaO«0.4;  ign 
FesOs  =tr. 
ign.  =0.2 


0.1 


FeiOa 
FejOs 


'0.1 
=0.4 


MgO  =0.1;  ign.  =0.1 
Fej08  =  1.3;  HjO  =  1.0 
MgO=0.2;  ign.  »=  0.1 
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ORTHOCLASE,  KAlSisOg 

Form.  Orthoclase  occurs  in  attached  and  embedded  crystals, 
in  cleavable  masses,  and  disseminated  through  rock  masses. 
Orthoclase  is  one  of  the  best  examples  of  the  monoclinic  prismatic 
class.  Axial  ratio:  a :6:c  =  0.658 ^1:0.555;  ^  =  63°  57'.  Usual 
forms:  c{001},  6{010},  xjlOl},  t/{201},  m{110},  2{130},  o{lllj. 


m^ 


Fig.  525. 


FiQ.  526. 


m 


I 
I 
I 


m 


FiQ.  528. 


n{021}.  Interfacial angles:  6c(010:001)  =90° 0';mm(110:ll0)  = 
61°  13';  mc(110:001)=67°  47';  cx(001:101)  =50°_16i';  cy(O0\: 
201)  =80°  18';  m2(110:130)  =29°  59^';  6o(010:lll)  =63°  8'; 
cn(001 :021)  =44°  56^'.  The  habit  is  usually  elongate  in  the  di- 
rection of  the  a-axis  (Figs.  525,  527)  or  elongate  in  the  direction 


r; 

X 

^ 

/ 

m 

m 

\ 

I. 

N 

FiQ.  529. 


FiQ.  530. 


Fig.  531. 


of  the  c-axis  and  tabular  parallel  to  {010}  (Fig.  526).     Fig.  528 
is  prismatic  and  pseudo-orthorhombic. 

There  are  three  common  twinning  laws  for  orthoclase:  (1) 
the  Carlsbad  law  in  which  the  c-axis  is  the  twin-axis  (usually 
penetration  twins  with  6{010}  as  the  composition  face),  (2)  the 
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Baveno  law  in  which  n{021}  is  the  twin-plane  and  (3)  the  Mane- 
bach  law  in  which  cjOOl}  is  the  twin-plane.  These  three  types 
of  twinning  are  represented  by  Figs.  529-531. 

Cleavage  in  two  directions  at  right  angles  parallel  to  {001 }  and 
{010}.  There  is  also  imperfect  cleavage  or  parting  parallel  to 
{110}  which  assists  in  orienting  cleavages  and  imperfect  crystals. 

H.=6.  Sp.gr.  ±2.57. 

Color,  white,  colorless,  gray,  pink,  red.   Sometimes  has  a  play 
of  colors. 

Optical  Properties.  n^(1.526)  -  n^(1.519)  =0.007.  Fragments 
are  plates,  usually  with  one  set  of  parallel  straight  edges  (Fig. 
532).  The  interference  colors  are  middle 
first  order  (gray  and  straw-yellow). 

Chemical  Composition.  Potassium 
aluminum  trisilicate,  KAlSigOg;  (K20  = 
16.9,  Al203  =  18.4,  Si02  =  64.7).  Sodium 
usually  replaces  part  of  the  potassium. 

Blowpipe  Tests.  Fusible  with  difficulty 
(5). 

Insoluble  in  ordinary  acids.  p^^  ^32 

Uses.     Orthoclase,  and  also  microcline,   Orthociase  fragments. 
is    used  in  the  manufacture  of  porcelain 
and  china.     A  variety  called  moonstone  is  used  as  a  gem. 

Occurrence.  1.  In  acid  plutonic  igneous  rocks,  especially 
granites  and  syenites. 

2.  In  acid  volcanic  igneous  rocks,  rhyolites  and  trachytes. 
This  is  usually  sanidine,  a  glassy  variety  of  orthoclase. 

3.  In  certain  rare  basic  igneous  rocks. 

4.  In  gneisses,  partly  as  a  remnant  of  igneous  rocks,  partly 
recrystallized. 

5.  In  cavities  and  seams  of  schists  and  gneisses.  This  is  the 
variety  adularia,  a  transparent  orthoclase  of  unusual  habit 
(Fig.  528) .  Adularia  contains  little,  if  any,  soda  (see  analysis, 
p.  385), 
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6.  In  veins.  Vein  orthoclase  has  the  same  habit  as  adularia, 
but  is  not  always  transparent.  Lindgren  uses  the  name  valen- 
cianite  for  it.     Guanajuato,  Mexico. 

7.  In  granite-pegmatites,  often  in  very  large  crystals. 

8.  In  arkoses  or  feldspathic  sandstones  (Portland,  Connecti- 
cut) and  in  some  beach  sands  (Pacific  Grove,  California) . 


MICROCLINE,  KAlSisO 


8 


Form.  In  form  microcline  is  practically  the  same  as  ortho- 
clase, but  is  triclinic  with  the  angle  (001:010)  =89°  30'  instead 
of  90°.     The  angles  are  very  close  to  those  of  orthoclase. 

Cleavage.     In  two  directions  practically  at  right  angles  (89° 

30'). 

H.  =  6.  Sp.gr.  ±2.56. 

Color,  white,  gray,  reddish,  green.  The  green  variety  is  called 
amazon-stone. 

Optical  Properties.  n^(1.529)  -  n„(1.522)  =  0.007.  Fragments 
are  plates  with  middle  first  interference  colors  and  are  distin- 
guished from  orthoclase  by  the  "gridiron"  structure  caused  by 
polysynthetic  twinning  in  two  directions  at  right  angles. 

Chemical  Composition.    The  same  as  for  orthoclase. 

Blowpipe  Tests.     The  same  as  for  orthoclase. 

Occurrence.  1.  In  granite-pegmatites  (near  Florissant, 
Colorado). 

2.  In  granites  (but  not  in  rhyolites). 

3.  In  gneisses. 

PLAGIOCLASE  GROUP— TRICLINIC 

This  is  perhaps  the  best  defined  isomorphous  group  to  be 
found  among  minerals.  There  is  a  perfect  gradation  in  properties 
from  the  albite  end  of  the  group  with  the  formula  NaAlSijOg  to 
the  anorthite  end  of  the  group  with  the  formula  CaAl^SijOj 
Intermediate  members  of  the  group  are  designated  by  Ab,„An^. 


SILICATES  389 

Ab  meaning  the  albite  molecule  and  An  the  anorthite  mole- 
cule. Crystals  are  triclinic,  but  with  angles  near  those  of  ortho- 
clase.  The  angle  {001:010),  for  example,  varies  from  86°  24'  for 
albite  to  85°  50'  for  anorthite,  while  for  orthoclase  the  correspond- 
ing angle  is  90°  0'.  The  plagioclases  have  good  cleavage  parallel 
to  {001  j,  and  imperfect  cleavage  parallel  to  {010|.  Twinning  is 
rarely  absent  in  the  plagioclases.  The  most  common  twinning 
is  known  as  albite  twinning,  in  which  (OlOj  is  the  twin-plane. 
This  is  usually  polysynthetic  and  the  twin  striations  show  best  on 
the  i001|  cleavage  face  and  are  aiuNiys  parallel  to  the  (001  rOlO) 
edge  (Fig.  534) .  In  pericline  twinning,  which  is  also  polysyn- 
thetic, the  b-axis  is  the  twin-axis.     This  kind  of  twinning  shows 


FiQ.  533.— Pericline 


3est  on  the  |010)  cleavage  (Fig.  533),  and  the  angle  the  striations 
■nake  with  (001:010)  edge  differs  for  the  various  pla^oclases. 
rhis  angle  is  given  in  the  column  of  the  following  tabulation 
abelled  angle  of  rhombic  section.  In  optical  properties  the 
>lagiocla8e8  are  similar.  They  are  all  biaxial  with  2V  varying 
rom  77°  to  90°.  The  indices  of  refraction  vary  from-  1.54  for 
,lt»ite  to  1.58  for  anorthite.  The  double  refraction  is  weak 
O.O07  to  0.012).  Typical  analyses  are  given  on  page  385.  The 
allowing  tabulation  illustrates  the  continuous  variation  in 
.roperties. 
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», 


n 


Extinc- 
tion on 
001 


Extino- 

tion  on 

010 


Angle  of 

rhombic 

section 


Sp. 
gr. 


(001:010) 


Albite 

Oligoclase .  • 
Andesine  . . 
Labradorite 
Bytownite  . 
Anorthite.   . 


Ab 

jAbeAm 
<AbsAni 


1 


i 


jAbiAni 
JAbiAna 
JAbiAne 
«An 


1.540 

1.531 

4i° 

19° 

+  22° 

2.62 

1.543 

1.534 

3 

12 

+  10 

2.64 

1.549 

1.542 

1 

H 

+  3 

2.66 

1.562 

1.555 

5 

16 

-  1 

2.69 

1.577 

1.567 

18 

29i 

-  9 

2.73 

1.584 

1.572 

27i 

33^ 

-10 

2.74 

1.588 

1.576 

37 

36 

-16 

2.76 

86°24' 
86°32 
80°14 
86°  12 

85°50 


ALBITE,  NaAlSigO 


3'*^8 


Form.  Albite  occurs  in  small  crystals,  in  lamellar  masses,  and 
intergrown  with  orthoclase  or  microcline.  The  crystals  are 
triclinic,  pinacoidal  class,  and  are  usually  tabular  parallel  to 
{010}.  The  usual  forms  are  the  same  as  for  orthoclase.  Fig. 
534  represents  the  common  type  of  crystal  with  c{001},  6 {010}, 
m{110},  2{110}  and  a;{101}.  Albite,  pericline,  and  Carlsbad 
twins  are  all  common  and  sometimes  two  or  more  of  these  are 
combined  on  one  crystal. 

Cleavage,  perfect  parallel  to  {001}  and  less  perfect  parallel  to 
{010}. 

H.=6.  Sp.gr.  ±2.62. 

Color,  white,  colorless  or  gray. 

Optical  Properties.  n^(1.540)  -  n„(1.532)  =  0.008.  Fragment 
are  plates  with  middle  first  order  interference  colors  and  extinc- 
tion angles  of  about  4°  (001)  and  about  20°  (010).  The  index  of 
refraction  is  less  than  that  of  oil  of  cloves. 

Chemical  Composition.  Sodium  aluminum  trisilicate,  NaAl- 
SigOg;  (NajO  =  11.8,  Al203  =  19.5,  Si02  =  68.7).  A  little  calcium 
is  present  for  albite  grades  into  dKgoclase. 

Blowpipe  Tests.  Fusible  (4)  to  a  colorless  glass  coloring  the 
flame  yellow. 

Insoluble  in  ordinary  acids. 


;.s 
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Occurrence.  1.  In  granite-pegmatites  associated  with  tour- 
maline, lepidolite,  spodumene,  etc. 

2.  In  veins  and  seams,  especially  in  the  metamorphic  rocks. 

3.  In  certain  soda-rich  igneous  rocks,  usually  intergrown  with 
orthoclase  or  microcline.   This  intergrowth  is  known  as  perthite. 

OLIGOCLASE,  AbeAn^  to  AbsAn^ 

Form.     Oligoclase  occurs  in  cleavable  masses  and  disseminated 
through  rock  masses,  but  is  rarely  found  in  distinct  crystals. 
Cleavage,  perfect  parallel  to  { 001 } ,  less  perfect  parallel  to  { 010 } . 

H.=6.  Sp.gr.  ±2.65. 

Color,  white,  colorless,  greenish  or  reddish. 

Optical  Properties.  n^(1.547)  -  n^(1.539)  =0.008.  Fragments 
are  plates  with  middle  first  order  interference  colors  and  extinc- 
tion angles  of  about  2°  (001)  and  about  8°  (010).  The  fragments 
usually  show  polysynthetic  twinning. 

Chemical  Composition.  Sodium-calcium  aluminum  silicate, 
AbgAnj  to  AbgAn^;  (Na2O  =  10.0  to  8.7  per  cent.;  CaO  =  3.0  to 
5.3  per  cent.). 

Blowpipe  Tests.     Fusible  at  4. 

Insoluble  in  ordinary  acids. 

Occurrence.  1.  In  acid  and  intermediate  igneous  rocks,  such 
as  the  granite-rhyolite  series  and  the  diorite-andesite  series. 
Strange  to  say,  oligoclase  is  more  common  in  granites  than  albite. 

LABRADORITE,  Ab^Ani  to  Ab^Ang 

Form.  Labradorite  occurs  in  embedded  crystals  and  in  cleav- 
able masses,  but  very  rarely  in  distinct  loose  crystals.  Albite 
twinning  is  the  common  kind  of  twinning. 

Cleavage,  perfect  parallel  to  {001},  less  perfect  parallel  to 
{010}. 

H.=«6.  Sp.gr.  ±2.71. 

23 


392        INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

Color,  gray  or  white,  often  showing  a  play  of  colors  which  L>i 
optical  effect  due  to  minutp  inclusions. 

Optical  Properties.  n^(1.570)  -  n^(1.561)  =0.009.  Fragmei 
are  plates  with  middle  first  order  interference  colors  and  extii 
tion  angles  of  about  12°(001)  and  about  20°(010).  The  fr^ 
ments  usually  show  polysynthetic  twinning  and  often  mimi 
inclusions  arranged  in  rows. 

Chemical   Composition.     Calcium-sodium   aluminum  silica 
AbjAui  to  AbjAug;  (CaO  =  10.4  to  15.3  per  cent.;  Na20=2. 
5.7  per  cent.).  '     ^        f\ 

Blowpipe  Tests.     Fusible  at.  4.\|^-^ 

Soluble  with  difficulty  in  HCh^ 

Uses.     Labradorite  rock  is  used  as  an  ornamental  stone. 

Occurrence.     1.  In  basic  igneous  rocks  such  as  gabbros, 
bases,  and  basalts,  associated  with  olivine,  augite,  hypersthe 
ilmenite,  and  magnetite. 

2.  As  the  principal  constituent  of  anorthosite,  a  basic  plutf 
igneous  rock  composed  practically  of  labradorite.  Adirond: 
Mts.,  New  York  State. 

B.  METASILICATES 


Pyroxene 
Group 


Amphiboie 
Group 


LEUCITE, 

ENSTATITE, 

Hypersthene, 

DIOPSIDE, 

AUGITE, 

Aegirite, 

Spodumene, 

Wollastonite, 

Pectolite, 

RHODONITE, 

TREMOLITE- 
ACTINOLITE, 
HORNBLENDE, 
Glaucophane, 


KAl(Si03), 

MgSiOa 

(Mg,Fe)Si03 

Ca(Mg,Fe)(Si03), 

wCaMg(Si03)2+  n(Mg,Fe)(Al„Fc)aSiO 

NaFe(Si03)a 

LiAl(Si03)2 

CaSiO, 

HNaCa2(Si03)2 

MnSi03 

Ca(Mg,Fe)3(Si03), 

wCa(Mg,Fe)  3(SiO,)  3 + n(Al,Fe)  (F,OH  >' 
NaAl(SiO,), .  (Fe,Mg)Si03 
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Occurrence.  1.  In  basic  igneous  rocks  such  as  peridotites  and 
gabbros. 

2.  In  meteorites. 

Hypersthene,  (Fe,Mg)Si03 

Form.  Hypersthene  usually  occurs  in  cleavable  masses  or 
disseminated  through  rock  masses. 

Cleavage,  good  cleavage  in  one  direction. 

H.  =  5i.  Sp.gr.  ±3.4. 

Color,  dark  brown  or  greenish  brown. 

Optical  Properties.  n^(1.70)  —  n^(1.69)  =  0.01.  Fragments  are 
prismatic  with  parallel  extinction,  bright  interference  colors,  and 
positive  elongation.  Hypersthene  is  usually  pleochroic,  chang- 
ng  from  pink  to  green. 

Chemical  Composition.  Ferrous-magnesium  metasilicate, 
:re,Mg)Si03. 

Blowpipe  Tests.  Fusible  (5)  to  a  black  glass.  On  charcoal  in 
Ft.F.  becomes  magnetic. 

Soluble  with  difficulty  in  HCl. 

Occurrence.  1.  In  basic  igneous  rocks  especially  gabbros  and 
lorites. 

DIOPSIDE,  Ca(Mg,Fe)(Si03)2 

Form.  In  crystals,  granular  masses,  disseminated  through 
•ocks,  but  rarely  fibrous  or  columnar. 

Monoclinic  system,  prismatic  class.  a:6:c  =  l. 092:1:0.589; 
?  =  74°  10\  Usual_  forms :_a{  100},  6{010},  m{110},  cfOOl}, 
>{111},  o{221},  J{3ll}^d{101}.  InterfaciaJ[_angles:  mm(110: 
To)  =92°  50';  pp(lll :  iTl)  =48°  29';  oo(221 :221)  =84°  11'. 

The  habit  is  usually  prismatic  in  the  direction  of  the  c-axis. 
i^igs.  537  to  540  represent  typical  crystals.  The  cross-section  of 
:rystals  is  characteristic,  usually  being  four-  or  eight-sided  as 
epresented  in  Fig.  541. 
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Cleavage,  imperfect  in  two  directions  at  angles  of  87°  Iff  i 
92°  50'  (parallel  to  the  unit  prism  {llOj).  There  is  often  pam 
parallel  to  {001}  which  is  more  prominent  than  the  cleava. 
The  variety  diallage  has  well-defined  parting  parallel  to  ( 1001. 

H.  =  4  to6.  Sp.  gr.±3.2. 


/^ 


Color,  white,  gray,  and  various  tints  of  green. 

Optical  Properaes.  n,{1.70)  -n„{1.67)  =0.03.  Fragment: 
prismatic  and  colorless  or  pale  green  with  bright  interfere: 
colors  and  an  extinction  angle  of  20°-30°.  A  thin  par 
parallel  to   |001)   gives  an  interference  figure  consisting  of 

onooo 

Fio.  541. — Croaa-seclioDs  of  dinpside  ODiJ  au(jle. 

axial  bar  with  concentric  rings.     Diallage  has  parallel  extinf 
and  positive  elongation. 

Chemical  Composition.  Calcium  magnesium-ferrous  H' 
silicate  varying  from  CaMg{SiOj)j  to  CaFe{SiOj)j.  It  may. 
contain  small  amounts  of  aluminum,  ferric  iron,  and  mangac- 
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Blowpipe  Tests.     Fusible  at  4  to  a  colorless  or  pale  green  glass. 
Insoluble  in  acids. 

Occurrence.  1.  In  crystalline  limestones  as  a  contact  mineral 
associated  with  garnet. 

2.  In  schists  and  other  metamorphic  rocks,  both  in  the  rock 
mass  and  in  seams. 

3.  In  gabbros  and  peridotites  (the  variety  diallage). 

AUGITE,  mCaMg(Si03)2  +  n(Mg,Fe)(Al,Fe)2SiOe 

Form.  Augite  usually  occurs  in  embedded  crystals.  The 
crystals  are  monoclinic,  prismatic  class,  with  the  forms:  a {100}, 
b{010},  m{J10}^s{Tll}.  Interfacial  angles:  mm(110:lT0)  = 
92°  50',  ss(Tll:TTl)=59°  11'.  The  habit  is  usually  prismatic 
(Figs.  542-4)  and  either  square  or  octagonal  in  outline  (see  Fig. 
541).     Twins  with  a  \  100}  as  twin-plane  are  common  (Fig.  545). 
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Fig.  545. 


Cleavage,  imperfect  in  two  directions  parallel  to  {110},  and  at 
angles  of  92°  50'  and  87°  10'. 

-B.  =  5i: — "  Sp.gr.  ±3.3. 

Color,  dark  green  to  black. 

Optical  Properties.  n^(1.73)  —  n^(1.71)  =0.02.  Fragments  are 
prismatic  with  bright  interference  colors  and  large  extinction 
angles  (25°  to  40°) .  In  thin  fragments  it  is  only  slightly  pleochroic, 
if  at  all.     This  usually  distinguishes  augite  from  hornblende. 
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Chemical  Composition.  An  isomorphous  mixture  of  Cai! 
(8103)2  ^^^  (Mg,Fe)  ( Al,Fe)  jSiOg  in  varying  proportions.  T: 
presence  of  aluminum  and  ferric  iron  distinguishes  augite  frc 
diopside.     Sodium  and  titanium  are  sometimes  present. 

Blowpipe  Tests.     Fusible  at  4  to  a  black  glass. 

Insoluble  in  acids. 

Occurrence.  1.  In  basic  igneous  rocks,  especially  basalts  a: 
diabases,  often  as  phenocrysts.     Bohemia. 

Aegirite,  NaFe  (8103)2 

Form.  In  crystal  form  aegirite  is  like  augite,  but  is  more  a:j 
to  occur  in  long  prismatic  or  acicular  crystals. 

Cleavage,  imperfect  prismatic  in  two  directions  at  angles 
93°  and  87°. 

H.  =  6.  Sp.gr.  ±3.5. 

Color,  black  in  thick  crystals,  in  thin  crystals  green. 

Optical  Properties.  n^=1.75.  Fragments  are  prismatic  a 
green  in  color.  The  interference  colors  are  bright  and  the  extin 
tion  practically  parallel.  The  pleochroism  from  yellowish-gre: 
to  bright  green  is  a  prominent  feature. 

Chemical  Composition.  Sodium  ferric  metasilicate,  NaF 
(8103)2.     Analyses  also  show  ferrous  iron. 

Blowpipe  Tests.  Fusible  (3)  to  a  black  slightly  magne' 
globule,  coloring  the  flame  yellow. 

Only  slightly  soluble  in  HCl. 

Occurrence.  1.  In  soda-rich  igneous  rocks  such  as  nephefc 
syenites,  phonolites,  soda-syenites,  and  soda-granites.  Magn- 
Cove,  Arkansas. 

Spodumene,  LiAl(Si03)2 

Form.  Spodumene  occurs  in  rough  monoclinic  crystals  and . 
cleavable  masses.  The  habit  of  the  crystals  is  prismatic  a: 
usually  tabular  parallel  to  {100}.. 
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Cleavage,  in  two  directions  at  angles  of  93°  and  87°.  There  is 
also,  at  times,  parting  parallel  to  { 100}  which  causes  the  mineral 
to  break  into  plates. 

H.  =  6i.  Sp.gr.  ±3.1. 

Color,  white,  gray,  colorless,  lilac,  greenish. 

Optical  Properties.  n^(1.67)  —  n^(1.65)  =  0.02.  Fragments  are 
prismatic  with  first  order  interference  colors  and  oblique  extinc- 
tion of  20°  to  25°. 

Chemical  Composition.  Lithium  aluminum  metasilicate, 
LiAl(Si03)2. 

Blowpipe  Tests.  Fuses  at  3.5  to  a  clear  glass  giving  a  purple- 
red  flame. 

Insoluble  in  acids. 

Uses.  Spodumene  has  been  used  to  some  extent  as  a  source  of 
lithium  salts.  A  transparent  lilac  variety  called  kunzite  is  used 
as  a  gem. 

Occurrence.  1.  In  granite-pegmatites  associated  with  albite, 
lepidolite,  tourmaline,  etc.  Pennington  County,  South  Dakota. 
One  crystal  from  the  Etta  Mine  in  this  county  measured  thirty 
feet  in  length. 

WOLLASTONITE,  CaSiOg 

Form.  Wollastonite  is  found  in  cleavable,  columnar,  fibrous, 
and  compact  masses.  Distinct  crystals  are  rare.  They  are 
monoclinic  and  are  elongate  in  the  direction  of  the  6-axis. 

Cleavage,  in  two  directions  (001  and  100)  at  angles  of  84J°. 

H.  =  4fto5.  Sp.gr.  ±2.9. 

Color,  white  or  gray. 

Optical  Properties.  n^(1.63)  —  n^(1.62)  =0.01.  Fragments  are 
acicular  with  parallel  extinction  and  positive  elongation.  The 
interference  colors  are  bright. 

Chemical  Composition.     Calcium  metasilicate,  CaSiOg. 

Blowpipe  Tests.  Fuses  at  4  to  a  white  glass  giving  a  yellowish- 
red  flame. 
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Gelatinizes  with  HCl,  and  usually  effervesces  because  of  a 
mixed  calcite. 

Occurrence.  1.  In  crystalline  limestones  at  the  contact  wi* 
igneous  rocks  and  often  associated  with  garnet,  diopside,  etc. 


PectoUte,  HNaCa^CSiOs) 


8 


Form.  Pectolite  occurs  in  acicular  crystals,  in  fibrous  radi£ 
ing  forms,  and  in  compact  masses.  Crystals  are  monoclinic,  b: 
usually  arQ  very  minute. 

H.  =  4J.  Sp.gr.  ±2.7. 

Color,  white. 

Optical  Properties.  n^(1.63)  -  n^(1.60)  =0.03.  Fragments  a: 
acicular  with  bright  interference  colors,  parallel  extinction,  a: 
positive  elongation. 

Chemical  Composition.  Acid  sodium  calcium  metasilics 
HNaGa2(Si03)3  or  H2Si03-Na2SiOg-4Ca(SiO)3;  (H20  =  2.7  \\ 
cent.). 

Blowpipe  Tests.  Easily  fusible  (2^)  giving  a  yellow  flame.  } 
the  closed  tube  gives  a  little  water. 

Decomposed  by  HCl  with  the  separation  of  silica. 

Occurrence.  1.  A  secondary  mineral  in  cavities  of  basalts  a:i 
diabases  associated  with  calcite,  zeolites,  prehnite,  and  datol/l 
Bergen  Hill,  New  Jersey. 


RHODONITE,  MnSiO 


3 


Form.  Rhodonite  is  found  in  cleavable  and  compact  ma>- 
and  occasionally  in  crystals.  The  crystals  are  triclinic,  but  sici: 
to  diopside  and  augite  in  angles. 

Cleavage,  in  two  directions  at  angles  of  92^°  (parallel  to  1'' 
and  also  an  additional  parting  parallel  to  (100)  the  an. 
(100:110)  being  48°  33'. 

H.  =  6.  Sp.gr. +3.6. 

Color,  pink  or  red,  often  stained  black  by  manganese  oxids. 
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Optical  Properties.  n^(1.74)  —  n^(1.72)  =  0.02.  Fragments  are 
prismatic  with  bright  interference  colors  and  large  extinction 
angles  (20  to  25°) . 

Chemical  Composition.  Manganese  metasilicate,  MnSiOg. 
Calcium  is  usually  present  and  sometimes  iron. 

Blowpipe  Tests.     Fusible  at  3  to  a  dark  glass. 

Partially  soluble  in  HCl. 

Uses.  Compact  rhodonite  is  used  as  an  ornamental  stone, 
especially  in  Russia. 

Occurrence.     1.  In  veins. 

2.  In  crystalline  limestones  with  willemite,  franklinite,  and  zin- 
cite.     Franklin  Furnace,  New  Jersey. 

AMPHIBOLE  GROUP 

The  amphibole  group  is  parallel  to  the  pyroxene  group,  but  the 
orthorhombic  and  triclinic  members  are  so  rare  that  no  account 
of  them  will  be  given  here.  The  amphiboles  differ  from  the  pyr- 
oxenes mainly  in  the  prism  and  cleavage  angle,  which  is  56° 
instead  of  87°.  For  many  of  the  pyroxenes  there  are  corre- 
sponding amphiboles,  but  they  cannot  be  regarded  as  dimorphous 
minerals.  For  example,  diopside  is  CaMg(Si03)2,  while  the 
corresponding  tremolite  is  CaMggCSiOj)^.  Tremolite-actinolite 
and  hornblende  contain  a  small  amount  of  water  of  constitution, 
while  diopside  and  augite,  if  unaltered,  contain  none.  The  follow- 
ing analyses  (except  glaucophane)  were  made  by  Stanley  in  order 
to  determine  the  chemical  constitution  of  the  amphiboles. 


■ 

Analyses  < 

of  Amphiboles 

CaO 

MgO 

FeO 

AhOs 

FejOa 

Si02 

Ti02 

H2O 

NaaO 

K2O 

F 

Tremolite 

13.2 

24.1 

0..6 

1.8 

57.7 

0.1 

1.6 

0.5 

0.2 

0.4 

Actinolite 

12.1 

21.2 

5.5 

1.2 

0.8 

56.3 

1.8 

0.2 

0.3 

0.1 

Hornblende  .... 

9.8 

12.6 

10.5 

8.3 

6.9 

43.8 

0.8 

0.6 

3.4 

1.3 

1.8 

Hornblende  .... 

11.5 

11.2 

14.3 

11.6 

2.7 

42.0 

1.5 

0.6 

2.5 

0.1 

0.8 

Hornblende .... 

12.0 

14.2 

2.2 

17.6 

7.2 

39.9 

1.7 

0.4 

3.2 

0.2 

0.1 

Glaucophane  . .  . 

2.0 

10.3 

9.8      9.3 

i 

4.4 

54.5 

0.4 

1.8 

7.6 

0.2 

•   ■   •   • 
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TREMOLITE-ACnNOLITE,  Ca  (Mg,Fe) ,  (SiO,) , 

Form.  Tremolite  and  actinolite  occur  in  long  prismatic  cn^ 
tals  and  in  columnar  and  fibrous  aggregates.  Crystals  ar 
monoclinic  with  the  prism  {110}  and  the  pinacoid  {010},  k 
rarely  have  terminal  faces.  The  axial  ratios  and  interfaci- 
angles  are  like  those  of  hornblende.  Characteristic  cross-se 
tions  are  shown  in  Fig.  546. 


Fia.  546. — Cross  sections  of  tremolite,  actinolite,  and  hornblende. 


Cleavage,  in  two  directions  at  angles  of  56°  and  124°  parallel: 
{ 110} .     The  cleavage  is  more  perfect  than  that  of  diopside. 
H.  =  5i.  Sp.gr.  ±3.0. 

Color,  white  or  gray  (tremolite);  pale  green  to  dark  gree 
(actinolite) . 

Optical  Properties.  n^(1.636)  - n„(1.611)  =0.025.  Fragmeni 
are  prismatic  or  acicular  with  bright  interference  colors,  positiv| 
elongation,  and  extinction  angles  of  10°  to  15°. 

Chemical  Composition.  Calcium  magnesium-iron  metasilica' 
Ca(Mg,Fe)3  (Si03)4.  Tremolite  has  very  little,  if  any,  iron,  whili 
actinolite  runs  as  high  as  6  per  cent,  in  FeO.  Aluminum  ar.i 
ferric  iron  are  very  low  and  this  is  the  principal  chemical  di^ 
tinction  between  these  minerals  and  hornblende. 

Blowpipe  Tests.    Fusible  at  4  to  a  glass. 

Insoluble  in  acids. 

Uses.     The  fibrous  tremolite  is  one  kind  of  asbestos. 

Occurrence.  1.  Tremolite  occurs  especially  in  crystalline  «i-  ^ 
omitic  limestones.     Lee,  Massachusetts. 

2.  Actinolite  occurs  especially  in  schists  often  associated  w:' 
talc. 
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HORNBLENDE,  mCa(Mg,Fe)3(Si03),  +  n(Al,Fe)(F,OH)Si03 

Form.  Hornblende  occurs  in  well-defined  crystals,  in  cleav- 
ages, in  disseminated  crystals  and  grains,  and  in  bladed  aggre- 
gates. 

Monoclinic  system.  Prismatic  class.  Axial  ratio:  a:b:c  = 
0.551:1:0.295;  /?  =  73°  58'.  Usual  forms:  m{110},  6{010}, 
a{100}',  rjOll},  p{101}.  Interfacial  angles:  mm(110:110)  = 
55^  49',  rr{011:0Tl}=3P  32',  rp{011  :T01}  =34°  y — y^ 
25'.  Habit  short  to  long  prismatic,  usually  pseu- 
dohexagonal  or  rhombic  in  cross-section.  (See 
Fig.  546.)  The  common  type  of  hornblende  crys- 
tal is  that  of  Fig.  547. 

Cleavagei  perfect  in  two  directions  at  angles  of 
56°  and  124°,  parallel  to  {110}. 

H.  =  5i.  Sp.gr.  ±3.2. 

Color,  dark  green,  dark  brown,  or  black. 

Optical  Properties.  n^(1.653)  -n^(1.629)  =0.024.  Fragments 
are  prismatic  and  green  or  brown  in  color.  The  extinction  angle 
varies  from  5°  to  20°  and  the  elongation  is  positive.  Pleoc^hroism 
is  a  marked  feature  of  hornblende.  The  colors  vary  from  pale  to 
deep  green,  from  yellowish-green  to  bluish-green,  from  brown  to 
greenish-brown,  or  from  pale  to  deep  brown.  By  the  pleochroism 
and  the  extinction  hornblende  may  easily  be  distinguished  from 
augite,  which  it  often  greatly  resembles. 

Chemical  Composition.  A  complex  metasilicate  of  calcium, 
magnesium,  ferrous  iron,  aluminum,  and  ferric  iron  with  fluorin 
and  hydroxyl.  The  formula  given  above  was  established  by  Pen- 
field  and  Stanley  (see  analyses,  page  401). 

Blowpipe  Tests.    Fusible  at  4  to  a  black  glass. 

Insoluble  in  acids. 

Occurrence.  1.  In  volcanic  igneous  rocks  such  as  andesites 
and  certain  basalts. 

2.  In  plutonic  igneous  rocks  especially  granites,  syenites,  and 
diorites,  rarely  in  gabbros  and  peridotites. 
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3.  In  diabases  and  gabbros  as  an  alteration  product  of  augite. 
This  alteration  product  is  called  uralUe  and  the  process  is  known 
as  uralitization. 

4.  In  schists  and  gneisses  often  forming  rock  masses,  the  horn- 
blende schists  and  amphibolites. 

Glaucophane,  NaAl  (SiOs)  2*  (Fe,Mg)  SiO^ 

Fonn.  Glaucophane  occurs  in  small  disseminated  crystals 
and  in  fibrous  masses.  Crystals  are  prismatic  in  habit  with  { 100 } , 
{ 010 } ,  and  {110),  but  are  rarely  terminated.  The  cross-section  as 
seen  in  thin  rock  sections  is  pseudo-hexagonal  or  rhombic  (Fig. 
546). 

Cleavage,  parallel  to  {110},  i.e.,  in  two  directions  at  angles  of 
56°  and  124°. 

H.=6.  Sp.gr.  ±3.1. 

Optical  Properties.  n^(1.64)  —  n^(1.62)  =0.02.  Fragments  are 
prismatic  and  blue  in  color  with  pleochroism  from  blue  to  violet. 
The  extinction  is  practically  parallel  and  the  elongation  positive. 

Chemical  Composition.  Sodium  aluminum,  iron-magnesium 
metasilicate,  NaAl(Si03)2'(Fe,Mg)Si03.  Glaucophane  is  one  of 
the  group  known  as  soda  amphiboles. 

Blowpipe  Tests.  Easily  fusible  (3)  to  a  dark  glass  giving  an 
intense  yellow  flame. 

Insoluble  in  acids. 

Occurrence.  1.  In  schists  and  gneisses  often  constituting  the 
main  part  of  the  rock.  Glaucophane  schists  and  glaucophane 
gneisses  are  especially  abundant  in  the  Coast  Ranges  of  Califor- 
nia. 

BERYL,  Be3Al,(Si03)« 

Form.  For  beryl  the  characteristic  forms  are  crystals  and 
columnar  masses.  Beryl  crystallizes  in  the  hexagonal  system, 
and  is  one  of  the  few  examples  of  the  dihexagonal  bipyraniidal 
classes.     Axial  ratio:  c =0.498.     Usual  forms:  c{0001},m{1010|. 
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a{1120},  p{1011},  §{1121}.  Interfacial  angles:  cp(0001:1011) 
=  29°  56J';  cs{0001:1121}=44°  56';  ma(1010:1120)  =30°  0'. 
The  habit  is  usually  prismatic  (Figs.  548-550),  but  sometimes 
tabular  (Fig.  551).     Crystals  are  often  very  large. 

H.  =  7i  to8.  Sp.gr.  ±2.7. 

Color,  usually  various  tints  of  green,  but  sometimes  white, 
yellow,  pink,  or  blue. 

Optical  Properties.  n^(1.570)  -  n„(1.564)  =0.006.  Fragments 
are  irregular  with  low  first  order  interference  colors. 
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Fig.  548. 


Fig.  549. 


Fig..  550. 


Fig.  551. 


Chemical  Composition.  Beryllium  aluminum  metasilicate, 
Be3Al2(Si03)6.  The  alkalies,  sodium,  lithium,  and  caesium  often 
oartly  replace  beryllium. 

Blowpipe  Tests.     Fusible  on  thin  edges  (6) .     Insoluble  in  acids. 

Uses.  The  deep  green  variety,  emerald,  is  a  valuable  gem.  A 
jea-green  variety  called  aquamarine  and  a  yellow  variety  called 
rolden  beryl  are  also  gems. 

Occurrence.  1.  In  granite-pegmatites  associated  with  topaz, 
ilbite,  lepidolite,  etc.     San  Diego  County,  California.  ' 

2.  In  mica-schists  and  gneisses.  North  Carolina. 


CALAMINE,  Zn2(OH)2Si03 

Form.  Calamine  occurs  as  drusy  crystalline  coatings,  more 
arely  in  botryoidal  and  stalactitic  forms  and  also  massive, 
/xystals  are  orthorhombic,  pyramidal  class.     The  habit  is  usually 
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tabular  parallel  to  JOIO)   and  the  two  ends  of  the  crystal  are 
differently  terminated.     Fig.  552  is  a  typical  crystal  with  the 
forms  ci001l,fc{010!,m{n0},il031l,i[301},  eiOlT),  i'|12T]. 
H.  =  5.  Sp.  gr.+3.4. 

Color,  colorless,  white,  and  pale  colors. 

Optical  Propertiea.     n,{J.64)  -n„(1.61)  =0.03.    Fragments  are 

irregular  and  prismatic  with  parallel  extinction.    Crystals  have 

parallel  extinction  and  positive  elongation. 

A  "^        The  interference  colors  are  bright, 

\         ,.  y  Chemical  Composition.     Basic  zinc  meta- 

silicate,  Zn,(OH);SiO,  or  ZnSiO,'Zn(OH); 

(Zn  =  54.2  per  cent.,  HiO  =  7.5  per  cent,' 

The     common     impurities    are    iron     ariti 


.  Blowpipe  Tests.  Fusible  on  the  ed 
(5).  In  the  closed  tube  decrepitates  and 
gives  off  water.  Heated  with  cobalt  nltraif 
solution  on  charcoal,  the  assay  becom* 
blue  and  the  sublimate  on  the  coal  green 
Soluble  in  HCl,  giving  a  fine  jelly. 
Fia.  552.  Uses.     Calamine  is  one  of  the  ores  i 

zinc. 
Occurrence.     1.  A  secondary  mineral  usually   derived   frou 
sphalerite  and  often  associated  with  smithsonite.     It  is  found  ii 
the  upper  or  oxidized  zone  of  mines.     Granby,  Newton  Count; 
Missouri,  is  a  prominent  locality. 

TALC,  HjMgsCSiOJ. 

Fonn.    Talc  is  found  in  scales,  in  foliated,  compact,  or  fibrou! 
masses.     Distinct  crystals  are  exceedingly  rare. 
Cleavage,  perfect  in  one  direction. 
H.  =  usua!ly  1,  but  sometimes  4.  Sp.  gr.±2.7. 

Color,  white,  gray,  or  pale  green.     Luster,  pearly. 
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Optical  Properties.  n^(l.59)  —  n^(1.54)  =  0.05.  Cleavage  flakes 
give  a  negative  biaxial  interference  figure  with  a  small  axial 
angle  (2E  =  10°-20°) . 

Chemical  Composition.  Acid  magnesium  metasilicate,  HjMg,- 
(SiOJ  4;  (H2O  =  4.8  per  cent.) .  Talc  usually  contains  Fe  and  Al  in 
small  quantities. 

Blowpipe  Tests.  Fusible  (5i)  on  thin  edges.  In  the  closed 
tube  gives  water  on  intense  ignition.  When  heated  with  cobalt 
nitrate  solution  intensely  it  gives  a  faint  pink  color. 

Not  decomposed  by  acids. 

Uses.  Talc  is  used  for  soap,  French  chalk,  talcum  powder, 
and  in  the  form  of  soapstone  as  a  refractory  material.  A  fibrous 
variety  is  used  in  the  manufacture  of  paper. 

Occurrence.  1 .  A  secondary  mineral  occurring  as  an  alteration 
product  of  various  silicates  such  as  serpentine,  enstatite,  and 
actinolite. 

2.  In  schists  often  forming  the  rock-masses  known  as  talc- 
schists  and  soapstones. 

PyrophylUte,  HAlCSiOa)^ 

Form.  In  radiated  forms  and  compact  masses,  but  ^lot  in 
distinct  crystals. 

H.  =  li.  Sp.gr.  ±2.8. 

Color,  white,  yellow,  gray,  brown.     Luster,  pearly. 

Optical  Properties.  n^(1.59)  -  n^(1.57)  =0.02.  Fragments  are 
prismatic  with  parallel  extinction  and  positive  elongation.  The 
interference  colors  are  low  first  order. 

Chemical  Composition.  Acid  aluminum  metasilicate,  HAl- 
(SiOg)  2,-  (HjO  =  5.0  per  cent.) . 

Blowpipe  Tests.  Infusible,  but  often  exfoliates.  In  the  closed 
tube  gives  water  on  intense  ignition.  Heated  with  cobalt  nitrate 
solution  it  becomes  deep  blue.  This  test  distinguishes  pyrophyl- 
lite  from  talc. 

Partially  decomposed  by  HjSO^. 

Occurrence.  .  1.  In  schistose  metamorphic  rocks. 

24 
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ILMENITE,  FeTiOg 

Form.  Ilmenite  occurs  in  tabular  hexagonal  crystals,  in  flat 
plates  without  definite  outline,  in  disseminated  grains,  in  compact 
masses,  and  in  the  form  of  sand.  The  crystals  resemble  those  of 
hematite  in  habit  and  angles,  but  the  crystal  class  is  different, 
ilmenite  belonging  to  the  trigonal  rhombohedral  class. 

H.  =  5to6.  Sp.gr.  ±4.7. 

Color,  black.  Luster,  submetallic  or  metallic.  Streak,  black- 
to  brownish-red.     Slightly  magnetic. 

Chemical  Composition.  Ferrous  metatitanate,  FeTiOg;  (Fe=l 
36.8  per  cent.),  analogous  to  a  metasilicate.  Ilmenite  usually 
contains  ferric  iron  and  also  magnesium.  It  grades  on  the  one' 
hand  into  hematite  and  on  the  other  into  MgTiOj,  a  mineral 
called  geikielite,  as  the  following  analyses  show.  Pyrophanite 
with  the  composition,  MnTiOg,  and  senaite  with  the  composition, 
(Fe,Mn,Pb)Ti03,  also  belong  to  the  ilmenite  group.  ' 

Analyses  of  Minerals  of  the  Dmenite  Group 


FeO 


MgO 


MnO 


TiO, 


FeaO, 


Misc. 


Hematite 7.6 

Ilmenite 22.4 

Ilmenite 36.5 

Picroilmenite 24.4 

Geikielite 6.3 

Pyrophanite ! 

Senaite 27.0 


0.5 

0.6 

14.2 

28.5 


0.4 
0.3 
2.7 


0.3 


46.9 
10,4 


9.1 

83.4 

23.7 

53.7 

45.9 

14.3 

56.1 

5.4 

63.8 

1.9 

50.5 

1.1 

52.1 

SiOa  =  1.6 
PbO  =  10.9 


Blowpipe  Tests.     Infusible.     The  soda  fusion  dissolved  in  HC 
and  boiled  with  metallic  tin  gives  a  violet  solution. 

Slowly  soluble  in  HCl.     Decomposed  by  fusion  with  KHSO^ 
Occurrence.     1.  In  igneous  rocks,  especially  diabases. 

2.  As  a  magmatic  segregation  in  igneous  rocks. 

3.  As  a  prominent  constituent  of  sand^,  especially  the  "  black 
sands." 
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C.  ORTHOSILICATES 


NEPHKTJTE, 

NaAlSiO, 

Sodalite 

f  Sodalite, 
\  Lazurite, 

Na,Al3Cl(SiO,)3 

Group. 

Na^aS(SiOJ, 

GARliET, 

R",Rni,(SiO,), 

OLIVINE, 

(Mg,Fe)2SiO, 

WILLEMITE, 

Zn^SiO, 

WERNERITE, 

wCa^AlflSieOgfi + nNa^AljSiiOs^Cl 

VESUVIANITE, 

Ca^3(OH,F)(SiO,)5 

ZIRCON, 

ZrSiO, 

TOPAZ, 

AlgF^SiO, 

Sillimanite, 

Al^OSiO, 

ANDALUSITE, 

AlgOSiO, 

CYAWITE, 

AlgOSiO, 

DATOLITE, 

CaB(OH)SiO, 

Zoisite, 

HCa^3(SiO,)3 

EPIDOTE, 

Ca,(Al,Fe)3(OH)(SiO,)3 

Allanite, 

(Ca,Fe)(Al,Ce,Fe)3(OH)(SiO,)3 

Axinite, 

HCa2(Fe,Mn)Al2B(SiO,) , 

PREHNITE, 

H2Al,Ca2(SiO,)3 

Chondrodite, 

Mg,(F,OH),(SiO,)3 

MUSCOVITE, 

H,KAl3(SiOJ3 

Mica 

LEPIDOLITE, 

LiKAl,(OH,F)(Si03)3 

Group 

BIOTITE, 

(H,K),(Mg,Fe),Al,(SiO,)3 

PHT.OGOPITE, 

H,KMg3Al(SiOJ3 

NEPHELITE,  NaAlSiO, 

orm.     Nephelite  occurs  in  embedded  crystals  or  grains  and 
nassive  forms.     Crystals  are  hexagonal  and  short  prismatic 
abit.    The  cross-sections  are  six-sided  and  rectangular. 
.=5ito6.  Sp.gr.  ±2.6. 

>lor,  white,  gray,  or  reddish.     Luster,  greasy. 

ptical  Properties.     n^(1.543)-n^(1.538)  =0.005.     Fragments 
irregular  with  low  first  order  interference  colors. 
lemical  Composition.     Essentially  sodium  aluminum  ortho- 
ite,  NaAlSi04,  but  a  mixture  of  this  compound  with  KAlSi04 
NaAlSigOg. 
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Blowpipe  Tests.     Fuses  at  4  to  a  colorless  glass. 

Gelatinizes  with  HCl. 

Occurrence.  1.  In  nephelite-syenites,  phonolites,  and  ott 
rare  soda  rich  igneous  rocks.  It  is  often  associated  with  onl 
clase,  but  never  with  quartz.     Magnet  Cove,  Arkansas. 

SODALITE  GROUP— ISOMETRIC 

Besides  sodalite  and  lazurite,  noselite  Na6Al3(SO4)(Si0J.^ 
hatiynite  Na3CaAl3(S04)(SiOj3  belong  to  this  group. 

Sodalite,  Na.AljCl  (SiO J  3 

Form.     Sodalite  usually  occurs  in  disseminated  or  massj 
forms,  but  rarely  isometric  dodecahedral  crystals  are  found. 
Cleavage,  indistinct. 

H.  =  5J  to  6.  Sp.  gr.+2.3. 

Color,  blue,  gray  or  colorless. 

Optical  Properties.  n=1.48.  Isotropic.  Fragments  are 
regular  and  colorless,  but  dark  between  crossed  nicols. 

Chemical  Composition.  Sodium  aluminum  chlorid-orthc 
eate,  Na^AlgClCSiOJ  or  3NaAlSiO,-NaCl. 

Blowpipe  Tests.  Fusible  with  intumescence  to  a  colorless  gli 
The  NaP03  bead  with  CuO  gives  an  azure  blue  flame. 

Gelatinizes  with  HCl. 

Occurrence.  1.  In  soda-rich  igneous  rocks  such  as  nephd 
syenites  and  phonolites. 

Lazurite,  Nag AI3S  (8104)3 

Form.  Lazurite  usually  occurs  in  compact  massive  form  l 
or  less  mixed  with  calcite,  pyrite,  and  other  silicates.  This : 
ture  is  known  as  lapis  lazuli. 

H.=5to5J.  Sp.gr.  ±2.4. 

Color,  deep  blue.     Streak,  blue. 

Optical  Properties,     n  about  1.5.     Isotropic.     F^agment^J 
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gular,  deep  blue,  non-pleochroic,  and  dark  between  crossed 
)ls. 

hemical  Composition.     Sodium  aluminum  sulfid-orthosilicate, 
Al3S(SiOj3  or  SNaAlSiO^-NagS.     It  usually  contains  calcium 
the  sulfate  radical,  due  to  isomorphous  replacement. 
lowpipe  Tests.     Fuses  (3)  with  intumescence  to  a  white  glass, 
oluble  in  HCl  with  gelatinization  and  with  the  evolution 

ses.     Lapis  lazuli  is  a  valuable  ornamental  stone.   The  paint 

ed  ultramarine  was  formerly  lapis  lazuli,  but  is  now  made 

ficially. 

ccurrence.     1.  As  a  contact  mineral  in  crystalline  limestones 

•ciated  with  diopside  and  other  silicates.   Eastern  Asia  is  the 

icipal  locality. 


GARNET,  R^R?^(SiO,)3 

jrm.     Garnet  is  found  in  distinct  crystals,  which  are  usually 

edded,  in  granular  or  compact  masses,  and  in  the  form  of 

I. 

arnet  crystallizes  in  the  hexoctahedral  class  of  the  isometric 

3m.     The  usual  forms  are  the  dodecahedron  c?{110}  and  the 


Fig.  663. 


FiQ.  664. 


Fia.  555. 


Fio.  656. 


5zohedron  n{211}.  The  hexoctahedron  {321}  is  sometimes 
i,  but  the  cube  and  octahedron  are  exceedingly  rare  forms 
arnet.  Figs-  553-556  illustrate  commonly  occurring  garnet 
als  ranging  from  dodecahedral  habit  to  trapezohedral  habit, 
facial  angles:  dd(110:101)_=  60°;  d(i(110:lT0)  =  90°  0'; 
ll:121)=33°33J';nn(211:211)  =  48°llJ';(in(110:211)=30°. 


412       INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

H.  =  7.  Sp.  gr.  varies  from  3.5  to  4.2. 

Color,  red,  brown,  yellow,  green,  black. 

Optical  Properties,  n  varies  from  1.74  to  1.85.  Isotropic. 
Fragments  are  irregular,  colorless  or  pale  red,  and  dark  between 
crossed  nicols.     Some  varieties  have  very  weak  double  refraction. 

Chemical  Composition.  Garnet  is  an  isomorphous  mixture  of 
the  following  compounds: 


Grossularite 

Pyrope 

Almandite 

Spessartite 

Andradite 

Uvarovite 


CajAljCSiOJ, 

Mg,Al,(SiO,)3 

FeaAlaCSiOJ, 

MngAlaCSiOJj 

Ca3Fe,(SiO,)3 


CaaCr^CSiOJ, 

It  is  rare  to  find  a  garnet  that  corresponds  exactly  to  any  one 
of  these  as  can  be  seen  from  the  following  analyses: 

Analyses  of  Garnets 


CaO 

MgO 

FeO 

MnO 

AUG: 

FeiOa 

CraOj 

SiOs 

Grossularite 

Pyrope 

AlrnanrlitA 

33.9 
6.0 
1.4 
2.4 
0.6 
31.6 
31.6 

1.7 

17.9 

3.6 

3.7 

tr. 
1.6 

8.1 

33.8 

29.6 

6.7 

0.3 

0.5 

1.1 

4.8 

37.2 

20.2 
22.4 
22.7 
19.2 
20.9 
2.2 
5.7 

4.9 
6.6 

39.5 
40.9 
37.6 
35.9 
35.7 
35.3 
36.9 

Almandite 

Spessartite 

4.9 

Andradite 

Uvarovite 

30.4 
2.0 

21.8 

Blowpipe  Tests.  All  are  fusible  (3  to  4)  except  uvarovite,  whicii 
is  infusible. 

Insoluble  before  fusion,  but  after  fusion  (alone,  not  witii 
NagCOg)  it  gelatinizes  with  HCl  (except  uvarovite). 

Uses.  Garnet  is  used  as  an  abrasive,  especially  for  finishing 
wood  and  leather.   Some  varieties  are  used  for  gems. 

Occurrence.  1.  In  crystalline  limestones  especially  at  con- 
tacts, associated  with  wollastonite,  diopgide,  vesuvianite,  etc 
(grossularite  and  andradite). 

2.  In  schists  and  gneisses  (almandite). 
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3.  In  eclogites  with  pyroxenes  or  amphiboles. 

4.  In     granites     and     granite-pegmatites     (almandite     and 
spessartite) . 

5.  In  peridotites  and  derived  serpentines  (pyrope). 

6.  In  nepheline-  and  leucite-bearing  lavas,  such  as  phonolites, 
etc.  (melanite  variety  of  andradite). 

7.  In  seams  of  chromite  as  an  alteration  product  (uvarovite). 

8.  In  sands. 


a 


OLIVmE,  (Mg,Fe)2SiO, 

Form.  For  olivine  the  characteristic  occurrences  are  granular 
masses  or  disseminated  crystals  and  grains.  Crystals  are  ortho- 
rhombic  and  are  usually  tabular  in  habit. 
Fig.  557  represents  a  crystal  with  all  the  seven 
type  forms  of  the  rhombic  bipyramidal  class. 
a{100},  6{010},  c{001},  ^{110},  d{101}, 
k{021},  p{lll}. 

H.  =6i  to  7:        "  *Sp.  gr.  ±3.3. 

Color,  yellowish  green  to  bottle  green. 

Optical  Properties.  n^(1.70)-n„(1.66)  = 
0.04.  Fragments  are  irregular  and  colorless 
with  bright  interference  colors. 

Chemical    Composition.       Magnesium-iron 
orthosilicate    (Mg,Fe)2Si04,  varying  from  MgaSiO^  (forsterite)  to 
Fe2Si04  (fayalite).     The  following  analyses  show  the  range  in 
composition: 


m 


Fia.  557. 


MgO 


FeO 


CaO 


SiO, 


Misc. 


Forsterite. 
Olivine... . 
Olivine...  . 
Olivine...  . 
Fayalite . , 


54.4 

1.5 

0.8 

42.8 

50.3 

8.5 

* 

41.2 

44.1 

17.5 

39.2 

30.6 

28.1 

1.4 

38.9 

65.5 

32.4 

ign.=0.8 


MnO  =  1.2 
MnO=2.1 
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Blowpipe  Tests.     Infusible. 

Gelatinizes  with  HCl. 

Uses.  Clear  transparent  olivine  is  used  as  a  gem  under  til 
name  peridot. 

Occurrence.  1.  In  peridotites  with  enstatite  or  diallage.  T^ 
olivine  is  usually  partially  altered  to  serpentine.  An  igneous  m 
composed  practically  of  olivine  alone  is  called  dunite. 

2.  In  basalts,  diabases,  and  gabbros.  If  the  olivine  is  prom 
nent,  these  rocks  are  called  olivine-basalts,  etc. 

3.  In  tuffs  and  volcanic  bombs. 

4.  In  meteorites.  Pallasite  is  a  meteorite  rock  with  olivil 
filling  the  cavities  in  a  spongy  mass  of  iron. 

WILLBMITE,  Zn^SiO^ 

Form.  This  mineral  is  usually  crystalline  massive  or  granulj 
massive.  Crystals  are  hexagonal  and  prismatic  in  habit  wij 
the  hexagonal  prism  {1120},  and  the  rhombohedron  { 1011  j. 

H.  =  5i.  Sp.gr.  ±4.1. 

Color,  pale  red,  yellow  to  green. 

Optical  Properties.  w^(1.71)  -  n^(1.69)  =0.02.  Fragments  ^ 
irregular  with  bright  interference  colors. 

Chemical  Composition.  Zinc  orthosilicate,  ZugSiO^;  (Zr 
58.0  per  cent.).     Manganese  often  replaces  part  of  the  zinc. 

Blowpipe  Tests.  Fusible  (5J)  with  difficulty.  With  coba 
nitrate  solution  on  charcoal  the  assay- turns  blue  and  the  sul"! 
mate  on  the  coal  green.  Willemite  is  distinguished  from,  ea: 
mine  by  the  absence  of  water  in  the  closed  tube. 

It  gives  a  fine  jelly  when  dissolved  in  HCl. 

Uses.     Willemite  is  a  source  of  zinc  white  and  also  of  speltt": 

Occurrence.  1.  In  crystalline  limestone  intimately  mixed  v 
franklinite  and  zincite.  It  perhaps  has  been  formed  by  the  me* 
morphism  of  calamine  present  in  the  original  sedimentary  Hk 
stone.     Franklin  Furnace,  New  Jersey. 
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WERNERITE,  mCa^AlJSifi^^  +  nNa^AlgSi^Oj^Cl 

Form.  Wernerite,  occurs  in  rough  crystals,  in  cleavable, 
columnar,  and  massive  forms.  Crystals  are  tetragonal  (tetragonal 
bipyramidal  class),  prismatic  in  habit  and  often  resemble  diop- 
side  or  augite  crystals.  The  usual  forms  are  a  {100},  m{110}, 
-{111},  and  {101}.  Interfacial  angles:  rT(lll:Tll)  =43°  45', 
mr (110 All)  =58°  12',  am(100:110)  =45°. 
Fig.  558  represents  a  typical  wernerite 
srystal. 

Cleavage,  imperfect  parallel  to  { 100}  and 
{  110},  so  in  four  directions  in  one  zone  at 
Etngles  of  45°. 

H.  =  5i.  Sp.gr.  ±2.7. 

Color,  white,  gray,  greenish,  or  reddish. 

Optical  Properties.  n^(1.57)  —  n^(1.55)  = 
0.02.  Fragments  are  prismatic  with  parallel 
extinction,  bright  interference  colors,  and  negative  elongation. 

Chemical  Composition.  An  isomorphous  mixture  of  calcium 
Ekluminum  silicate  with  sodium  aluminum  chlorid-silicate  in 
varying  proportions. 

Blowpipe  Tests.  Easily  fusible  (3)  to  a  white  glass  with  intu- 
mescence coloring  the  flame  yellow. 

Partially  decomposed  by  HCl. 

Occurrence.  1.  In  crystalline  limestones  at  the  contact  with 
igneous  rocks  and  associated  with  diopside,  garnet,  and  other 
silicates.        ^ 

2.  In  gabbros  along  the  border  of  apatite  veins.  Formed 
from  plagioclase  by  the  pneumatolytic  process  known  as  scapo- 
litization. 


Fig.  558. 


VESUVIANITE,  CaeAl3(OH,F)(SiO,)5 

Form.  For  vesuvianite  the  characteristic  form  is  striated 
columnar  masses,  but  crystals  belonging  to  the  tetragonal  system 
are  also  common.     The  usual  forms  are  m{110},c{001},p{lll} 


a 


m 
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The  interfacial  angles  are  cp(001 :111)  =37°  13i';  pp(ni:  lll)  = 
50°  39';  om(100:110)=45°  0'.     The  habit  is  prismatic  or  lo^ 
pyramidal  and  the  cross-section  is  usually  square.     Fig.  559  is  a 
drawing  of  a  typical  vesuvianite  crystal. 
H.=6J.  Sp.gr.  ±3.4. 

Color,  green,  yellow-brown,  or  greenish-brown. 

Optical  Properties.     n^(1.723)  -  n^(1.722)  =0.001.     Fragments 
are  irregular  with  very  low  first  order  anomalous  interference 
colors. 
Chemical  Composition.     Basic   calcium   aluminum   orthosili- 

cate,  Ca8Al8(OH,F)  (SiOJg.  Iron  replaces  part 
of  the  aluminum  and  magnesium,  part  of  the 
calcium. 

Blowpipe  Tests.  Fuses  at  3  with  intumes- 
cence to  a  colored  glass.  In  the  closed  tuk 
at  a  high  temperature  it  gives  a  little  water 
(about  2  per  cent.). 

Slightly  decomposed  by  HCL  After  fusioi 
(alone)  it  gelatinizes  with  HCl. 

Occurrence.     1.  In  crystalline  limestones  a: 
the  contact  with  igneous  rocks  and  associated 
with  garnet,  diopside,  woUastonite,  etc. 


ZIRCON,  ZrSiO, 

Form.  Zircon  is  practically  always  found  in  crystals  which  are 
either  embedded  or  loose  occuring  in  sands. 

Zircon  is  one  of  the  best  examples  of  the  ditetragonal  bipyraiu- 
idal  class  of  the  tetragonal  system.  c  =  0.640.  Usual  forms: 
m{110},_^a{100},  ?>{111},  w{331},  a:{131}.  Interfacial  angles: 
pp(lll:Tll)=56°  40';  mp(110:lll)  =47°  50';  ap(100:lll)  = 
61°  40';  mii(110:331)=20°  12'.  The  habit  is  low  pyramidal  or 
prismatic  (Figs.  560  to  563). 

H.  =  7J.  Sp.gr.  ±4.6. 


Fig.  559. 
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Color,  usually  brown  but  also  red,  yellow,  and  colorless.  Luster, 
adamantine. 

Optical  Properties.  n^(1.98)  —  w„(1.93)  =0.05.  Fragments  are 
irregular  with  high  order  interference  colors. 

Chemical  Composition.     Zirconium  orthosilicate,  ZrSiO^. 

Blowpipe  Tests.     Infusible,  but  loses  color. 
Insoluble  in  acids. 


P 


m 


m 


Fig.  560. 


Fia.  561. 


Fio.  562. 


Fig.  563 


Uses.  Certain  kinds  of  zircon  called  hyacinth  are  used  as  gems. 
Zircon  is  the  source  of  zirconia  (ZrOj)  used  as  a  glower  in  the 
Nernst  lamp. , 

Occurrence.  1.  In  igneous  rocks  especially  the  acid  rocks 
rich  in  soda  such  as  syenites  and  soda-granites. 

2.  In  sands  and  gravels.     Ceylon. 


TOPAZ,  Al^FjSiO, 

Form.  Topaz  occurs  in  well-defined  crystals  and  in  cleavable 
masses.  Topaz  crystallizes  in  the  bipyramidal  class  of  the  ortho- 
rhombic  system.  a:6:c  =  0.528: 1:0.477.  Usual  forms:  m{110}, 
Z{120},  c{001},/{021},  2/{_041},  w{lll},  o{221}, J{223}.  Inter- 
facial  angles:  mm(110:110)  =55°  43';  ZZ(120:120)  =_86°  49'; 
mi[(110:120)=29°  44'; //(02 1:021)  =87°  18';  2/2/(041:041)  =124° 
41';  a(001:223)=34°  14';  cii(001:lll)  =45°  35';  co(001:221)  = 
63°  54'.  The  habit  is  usually  prismatic,  with  m{  110}  and  Z{  120} 
about  equally  developed.  Figs.  564-567  represent  typical  crystals. 
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Cleavagei  perfect  in  one  direction  parallel  to  {001 } . 

H.=8.  Sp.gr.  ±3.5. 

Color,  colorless,  white,  yellowish,  bluish,  reddish. 

Optical  Properties.  n^(1.622)  - n^(1.613)  =0.009.  Fragments 
are  plates  with  irregular  outline  and  low  first  order  positive  inter- 
ference colors.  Cleavage  flakes  give  a  positive  biaxial  interference 
figure.  The  optical  orientation  of  topaz  is  a  =  aj  P  =  b,  y  =  c; 
hence  (010)  is  the  axial  plane. 


fa2^ 


m 


m 


Fio.  664. 


FiQ.  565. 


FiQ.  566. 


FiQ.  567. 


Chemical  Composition.  Aluminum  fluorid-silicate,  AljFjSiO^, 
or  2AlF8-Al4(Si04)3.     Hydroxyl  replaces  part  of  the  fluorin. 

Blowpipe  Tests.  Infusible.  With  cobalt  nitrate  solution  it 
gives  a  deep  blue  color.  On  intense  ignition  in  a  closed  tube 
some  varieties  give  a  little  water.  Heated  with  NaPOj  in  the 
closed  tube  etches  the  tube. 

Partially  decomposed  by  HjSO^. 

Uses.     Topaz  is  sometimes  used  as  a  gem. 

Occtirrence.  1.  In  granite-pegmatites  and  surrounding  rocks 
associated  with  tourmaline,  lepidolite,  albite,  fluorite,  apatite, 
beryl,  etc.     El  Paso  County,  Colorado. 

Sillimanite,  Al^OSiO, 

Form.  In  prismatic  and  acicular  crystals  and  in  fibrous 
masses.     Sillimanite  crystallizes  in  the  orthorhombic  system,  but 
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distinct  crystals  are  rare.    The  prism  faces  with  (110:110=88°) 
are  usually  the  only  forms  present. 

H.=6i.  Sp.gr.  ±3.2. 

Color,  brown,  gray,  or  white. 

Optical  Properties.  n^(1.68)  —  n^(1.66)  =  0.02.  Fragments  are 
prismatic  or  acicular  with  parallel  extinction  and  positive  elonga- 
tion.    The  interference  colors  are  bright. 

Chemical  Composition.     Aluminum  oxid-silicate,  AljOSiO^  or 

Al,03-Al,(SiO,)3. 

Blowpipe  Tests.     Infusible.     It  turns  blue  with  cobalt  nitrate  • 

solution. 

Insoluble  in  acids. 

Occurrence.  1.  In  gneisses  and  schists,  apparently  always  the 
result  of  metamorphism. 

On  heating  to  1350°  C,  andalusite  and  cyanite  change  into 
sillimanite. 


ANDALUSITE,  Al^OSiO, 

Form.  Andalusite  occurs  in  rough,  attached  or  embedded 
crystals,  in  columnar  masses,  and  in  rolled  pebbles.  The  crystals 
are  orthorhombic  and  prismatic  in  habit, 
the  only  common  forms  being  {110}  and 
{001}  with  a  prism  angle  of  89°  12' 
(llOrlTO).     (Fig.  568.) 

H.=7i.  Sp.  gr.±3.1. 

Color,  usually  gray,  often  with  symmetri- 
cally arranged  white  or  black  areas.  (See 
Fig.  568). 

Optical  Properties.    n^(1.64)  —  n^(1.63)  =  ^iq.  568. 

0.01.    Fragments  are  irregular  or  prismatic 
with  parallel  extinction  and  colorless  or  pleochroic  from  reddish 
to  greenish.     The  interference  colors  are  low  first  order. 

Chemical  Composition.     Aluminum  oxid-silicate,  AlgOSiO^,  or 
Al203-Al,(SiO,)3. 
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Blowpipe  Tests.  Infusible.  It  turns  blue  when  heated  w 
cobalt  nitrate  solution. 

Insoluble  in  acids. 

Occurrence.  1.  In  schists  and  slates  as  a  product  of  cont; 
metamorphism.     Lancaster,  Massachusetts. 

CYANITE,  AljOSiO, 

Form.  For  cyanite  the  characteristic  form  is  bladed  ens: 
or  crystal  aggregates.  Crystals  are  triclinic,  tabular  parallel 
{100} ,  and  elongated  in  the  direction  of  the  c-axis. 

Cleavage,  perfect  in  one  direction  parallel  to  { 100} .  There; 
imperfect  cleavages  in  other  directions. 

H.  =  4i  (parallel  to  the  length)  and  7  (perpendicular  to: 
length).  Sp.gr.  ±3.6. 

Color,  blue,  bluish-gray,  green,  or  white,  often  colored  insp 
and  streaks. 

Optical  Properties.  n^(1.728)  -  n^(1.712)  =0.016.  Fragmei 
are  prismatic  or  acicular  with  oblique  extinction  of  30^  and  br:. 
interference  colors.  Cleavage  flakes  give  a  biaxial  interfere! 
figure  with  the  axial  plane  oblique  to  the  edge. 

Chemical  Composition.  Aluminum  oxid-silicate,  AlaOSiO, 
AljOj*  Al^(Si04)  3.  Sillimanite,  andalusite,  and  cyanite  all  havei 
same  composition,  but  differ  in  physical  properties. 

Blowpipe  Tests.  Infusible.  It  turns  blue  with  cobalt  nitfl 
solution. 

Insoluble  in  acids. 

Occurrence.     1.  In  schists  and  gneisses  as  the  product 
metamorphism. 

DATOLITE,  CaB(OH)SiO, 

Form.  Datolite  occurs  in  crystals,  crystalline  druse? 
crystalline  masses.  Crystals  are  monoclinic  and  are  usually 
plex  and  diflScult  to  decipher.  As  the  angle  /3  (between  the 
c-axes)  is  89°  51',  the  crystals  often  appear  to  be  orthorho 
Fig.  569  is  an  orthographic  projection  of  a  datolite  crystal. 
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[.=5i.  Sp.gr.  ±2.9. 

olor,  colorless,  white,  pale  green. 

optical  Properties.     n^(1.670) - n^(1.626)  =0.044.     Fragments 

irregular  with  bright  interference  colors. 
hemical  Composition.      Basic 
;ium  boron  orthosilicate,  CaB- 
I)SiO,;  (H20  =  5.6  per  cent.). 
Ilowpipe  Tests.     Easily  fusible 

to  a  glass,  with  intumescence 
)ring  the  flame  green.     In  the 
jed  tube  it  gives  water. 
Gelatinizes  with  HCl. 
kcurrence.      1.    A   secondary 
leral    in    cavities   of   diabases 
I  basalts  associated  with  the  zeolites,  apophyllite,  prehnite, 
I  pectolite. 


Zoisite,  HCa2Al3(SiO,)3 

*orm.     Zoisite  is  usually  found  in  columnar  masses.     Orthor- 

abic  crystals  are  rare. 

Ileavage,  perfect  in  one  direction  (010). 

I.  =6  to6i.  Sp.  gr.±3.3. 

!olor,  usually  gray. 

Iptical  Properties.     n^(1.702)  - n^(1.697)  =0.005.     Fragments 
prismatic  with  parallel  extinction,  negative  elongation,  and 
first  order  interference  colors  which  are  often  Berlin  blue, 
'hemical  Composition.     Acid  calcium  aluminum  orthosilicate, 
a2Al3(Si04)g;  (H20  =  4.4  per  cent.). 

llowpipe  Tests.     Fusible  at  3  to  a  white  glass.     In  the  closed 
e  it  yields  water. 

nsoluble  in  acids,  but  after  fusion  gelatinizes  with  HCl. 
Occurrence.     1.  In  metamorphic  rocks,  especially  hornblende 
[  glaucophane  schists. 
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EPIDOTE,  Ca2(Al,Fe)3(OH)(SiO,)3 

Form.  In  crystals,  in  columnar  aggregates,  and  in  gram 
masses.  The  crystals  are  monoclinic,  prismatic  in  habit,  andl 
elongated  in  the  direction  of  the  6-axis  instead  of  the  c-axis,sl 
most  monoclinic  minerals.  Usual  forms:  a{  100},  6{010},c!0] 
w{120},  r{T01},  n{Tll}.  Interfacial  angles:  ac(100:001)=l 
37';  cr(001:101)=63°  42';  nn(lll:lll)  =70°  29'.  aw(100d 
=35°29i'.  Fig.  570  is  a  cross-section  of  a  typical  crystal,  ?i 
Fig.  571  is  the  cross-section  of  a  twin  crystal  with  a{  100)  as< 
plane. 


Fia.  570. 

Cleavage,  {001}  perfect;  {100}  imperfect. 
H.=6J.  Sp.gr.  ±3.4. 

Color,  usually  pistache-green,  but  varies  from  gray  ihU 
yellow  to  deep  brownish-green  and  almost  black,  according  t  i 
amount  of  iron  present. 

Optical  Properties.  n,(1.767)  - n^(1.730)  =0.037.  Fragrj 
are  irregular  or  prismatic  with  parallel  extinction.  The  inttj 
ence  colors  are  bright.  The  deep  colored  varieties  are  pleocl 
from  colorless  to  pale  green.  Cleavage  flakes  give  an  interfe: 
figure  consisting  of  an  axial  bar  with  concentric  rings. 

Chemical  Composition.  Basic  calcium  aluminum-iron  rr 
silicate,  Ca2(Al,Fe)3(OH)(SiOj3,  an  isomorphous  mixtur 
Ca2Al8(OH)  (Si04)3,a  mineral  called  clinozoisite,andCa2Fe3'^ 
(SiO  Jj,  not  yet  discovered.  The  following  analyses  illustra* 
isomorphism. 


SILICATES 


423 


CaO 


FeO 


AI2O3 


Fe,0, 


SiO, 


H2O 


IJlinozoisite 
Epidote  . . . 
Spidote  . . . 
5pidote  . . . 


24.5 

0.3 

32.6 

1.7 

39.1 

•    •   ■    • 

23.8 

0.5 

29.5 

5.7 

38.0 

2.0 

23.9 

•    •   •   • 

26.5 

8.2 

39.2 

2.2 

23.3 

0.9 

22.6 

14.0 

37.8 

2.1 

MnO=0.2 


Blowpipe  Tests.  Fusible  at  3  to  a  colored  glass  with  intumes- 
;ence.  In  the  closed  tube  at  a  high  temperature  it  gives  a  little 
vater  (about  2  per  cent.). 

Partially  decomposed  by  HCL  After  fusion  (alone)  it  gelatinizes 
vith  HCL 

Occurrence.  1.  At  the  contact  between  igneous  rocks,  espe- 
ially  granites,  and  limestones,  often  associated  with  copper 
ninerals. 

2.  As  a  weathering  product  along  seams  of  igneous  rocks, 
especially  granites. 

3.  In  schists,  especially  as  the  product  of  intense  folding,  asso- 
liated  with  hornblende.     New  York  City. 


Allanite,  (Ca,Fe)  (Al,Ce,Fe,)  3(0H)  (SiO  J  3 

Form.  Allanite  occurs  in  rough  crystals,  in  masses,  and  in 
imbedded  grains.  Crystals  are  monoclinic  and  usually  tabular 
)arallel  to  {100}. 

H.  =  5i  to  6.  Sp.  gr.  from  3  to  4. 

Color,  black.     Luster,  submetallic. 

Optical  Properties,  n^  =  1.68.  Fragments  are  irregular, 
>rownish,  and  slightly  pleochroic.  Isotropic  or  with  low  first 
)rder  interference  colors. 

Chemical  Composition.  A  basic  orthosilicate  similar  to  epidote, 
)ut  with  calcium  partly  replaced  by  ferrous  iron  and  aluminum 
md  ferric  iron  partly  replaced  by  cerium  and  other  rare  earth 
Qetals. 

25 
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Blowpipe  Tests.  Easily  fusible  at  2J  to  a  dark  magnetic  glob- 
ule. In  the  closed  tube  it  gives  water,  but  usually  only  at  a  high 
temperature. 

Gelatinizes  with  HCl. 

Occurrence.  1.  As  an  accessory  constituent  of  igneous  rocks, 
sometimes  intergrown  with  epidote. 

Axinite,  HCa2(Fe,Mn)Al2B(SiOJ, 

Form.  Axinite  occurs  in  crystals  and  crystalline  aggregates 
The  crystals  furnish  about  the  best  known  examples  of  triclinie 
crystals.  The  habit  is  usually  tabular  and  the  cross-sections 
shaped-wedge.     Fig.  109,  page  38,  represents  a  typical  crystal. 

H.=6i  to  7.  Sp.  gr.±3.3. 

Color,  violet,  brown,  jsaiioky  gray. 

Optical  Properties.  n/^\.6S)  —  n^(1.67)  =0.01.  Fragments  air 
irregular  with  interf ereut?e  colors.  Thick  fragments  are  pleochroic 

Chemical  Composition.  An  acid  calcium  iron-maganese  alu 
minum  boron  silicate,  HCa2(Fe,Mn)Al2B(Si04)4. 

Blowpipe  Tests.  Ea&ay  fusible  (2J)  with  intumescence  to  a 
dark  glass.  In  the  closed  tube  at  a  high  temperature  gives* 
little  water.     Fused  witb  KHSO4  and  CaFj  it  gives  a  green  flam 

Insoluble  in  HCl. 

Occurrence.  1.  At  the  contact  of  granites  with  basic  lime 
rich  rocks  such  as  schists  and  impure  limestones. 

PREHNITE,  HaCa^AlaCSiO,) 3 

Form.  Prehnite  is  found  in  crystalline  druses  and  seam?. 
Distinct  crystals  (orthorhombic)  are  very  rare.  The  imperfect 
crystals  are  usually  grouped  in  mammillary  and  globular  fornis. 
showing  a  series  of  ridges. 

H.=6to6i.  Sp.gr.  ±2.9. 

Color,  usually  pale  green  or  white. 

Optical  Properties,  n/1.65)  -  n^(1.62)  =  0.03.  Fragments  are 
irregular  with  bright  interference  colors. 
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Chemical  Composition.  Acid  calcium  aluminum  orthosilicate, 
HgCajAljCSiOJa;  (H20  =  4.4  per  cent.). 

Blowpipe  Tests.  Easily  fusible  (2)  with  intumescence  to  a 
white  glass*     In  the  closed  tube  it  gives  water. 

Decomposed  by  HCl  and  after  fusion  (alone)  gelatinizes 
with  HCl. 

Occurrence.  1.  A  secondary  mineral  in  cavities  of  diabases 
and  basalts  associated  with  datolite,  pectolite,  apophyllite,  and 
the  zeolites. 

Chondrodite,  Mgg  (F,OH)  ^  (SiO,)  ^ 

Form.  Chondrodite  occurs  in  disseminated  crystals  and 
grains  and  is  also  sometimes  massive.  Crystals  are  monoclinic, 
equidimensional,  but  rather  complex. 

H.=6  to6i.  Sp.  gr.±3.1. 

Color,  red,  orange,  yellow,  brown. 

Optical  Properties.  71^,(1.64)  —  n^(1.6 1)  =  0.03.  Fragments  are 
irregular  and  colorless,  or  yellow  with  slight  pleochroism.  The 
interference  colors  are  bright. 

Chemical  Composition.  Basic  magnesium  orthosilicate, 
Mg5(F,OH)2(Si04)2  or  Mg(F,OH)2-2Mg2Si04.  Iron  replaces  part 
of  the  magnesium  and  hydroxyl  part  of  the  fluorin. 

Blowpipe  Tests.  Infusible.  In  the  closed  tube  it  gives  a  little 
water  (about  1.3  per  cent.)  at  a  high  temperature.  In  the  closed 
tube  with  NaPOg  etches  the  inside  of  the  tube. 

Gelatinizes  with  HCl. 

Occurrence.  1.  In  crystalline  limestones  with  phlogopite, 
spinel,  etc.     Sparta,  New  Jersey. 

MICA  GROUP 

The  micas  are  acid  orthosilicates  of  aluminum  with  magnesium, 
ferrous  iron,  and  the  alkalies.  On  heating  at  a  high  temperature 
they  give  off  from  2  to  5  per  cent,  of  water. 

The  micas  are  monoclinic,  but  pseudohexagonal  in  habit.  Dis- 
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tinct  terminated  crystals  are  very  rare.  The  very  perfect  cled 
age  parallel  to  { 001 }  is  the  most  striking  feature  of  the  micas.  Tl 
micas  are  optically  biaxial  with  varying  axial  angle.  In  d 
absence  of  crystal  faces  cleavage  plates  of  the  micas  may  be  oi 
ented  by  means  of  the  percussion  figure  in  connection  with  li 
interference  figure.  A  sharp,  quick  blow  with  a  dull  coniii 
point  develops  a  six-rayed  star.  If  the  interference  figure  ii 
along  one  of  the  rays  then  that  ray  is  the  direction  of  the  6-as 


Fig.  572. 
Mica  of  the  first  class. 


FiQ.  573. 
Mica  of  the  second  class. 


These  are  micds  of  the  first  dass  and  are  represented  by  Fig.  5" 
If  the  interference  figure  lies  between  two  rays  of  the  percussii 
figure,  then  the  third  ray  is  the  direction  of  the  6-axis.  The 
are  micas  of  the  second  dass  and  are  represented  by  Fig.  5" 
Muscovite  and  lepidolite  are  micas  of  the  first  class,  while  bio:: 
and  phlogopite  are  micas  of  the  second  class. 


MUSCOVITE,  H^KAlgCSiOJa 

Form.  Muscovite  usually  occurs  in  cleavages  and  scu 
masses  and  but  rarely  in  well-defined  crystals.  The  crystals  i 
tabular  in  habit,  and  pseudohexagonal  or  pseudorhombic,  but : 
really  monoclinic.  Fig.  574  represents  a  muscovite  crystal,  • 
side  elevation  on  the  right  proving  it  to  be  monoclinic. 

Cleavage,  very  perfect  in  one  direction  parallel  to  {001 }. 

H.  =  2  to  2 J.  Sp.  gr.±2.8. 
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Color,  colorless,  pale  green,  or  pale  brown.  Thin  sheets  are 
always  transparent. 

Optical  Properties.  n^{1.597)  -  n^(1.560)  =  0.037.  Cleavage 
flakes  give  low  first  order  interference  colors  and  in  convergent 
light,  a  fine  negative  biaxial  interference  figure  with  large  axial 
angle  (2E=60°  to  75°). 

Chemical  Composition.  An  acid  potassium  aluminum  ortho- 
silicate,  H2KAl3(Si04)3;  (0.2^  =  ^-^  P^r  cent.). 


Fig.  574. 


Blowpipe  Tests.  Fusible  on  thin  edges  (5)  and  whitens.  In 
bhe  closed  tube  it  gives  a  little  water. 

Insoluble  in  acids  and  not  decomposed  by  H2SO4. 

Uses.  Muscovite  is  used  principally  as  an  insulator  for  elec- 
trical apparatus,  but  has  numerous  other  uses. 

Occurrence.     1.  In  granite-pegmatites  and  granite-aplites. 

2.  In  schists  and  gneisses,  often  the  main  constituent  of  the 
nica-schists. 

3.  In  granites.  Granite  is  about  the  only  igneous  rock  in 
^rhich  muscovite  occurs  as  an  original  constituent. 

4.  In  sandstones  and  sands  as  a  detrital  mineral. 

5.  As  a  secondary  mineral  derived  from  other  silicates,  espe- 
;ially  the  feldspars.  This  variety  is  called  sericite  and  the  altera- 
;ion  process  is  known  as  sericitization. 
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LEPIDOLITE,  LiKAl2(0H,F) (8103)3 

Form.  Lepidolite  usually  occurs  in  scaly  masses,  rarely. in 
crystals.  Crystals  are  pseudohexagonal  like  those  of  muscovite, 
but  are  much  smaller. 

Cleavage  in  one  direction. 

H.  =  2i  to  3i.  Sp.  gr.  ±  2.8. 

Color,  pale  to  deep  lilac. 

Optical  Properties.  n^(1.60)  -  n^(1.56)  =  0.04.  Cleavage  flake? 
give  low  first  order  interference  colors  and  in  convergent  light 
a  negative,  biaxial  interference  figure  with  large  axial  angle 
(2E=60^  to80°). 

Chemical  Composition.  Lithium  potassium  aluminum  fluorid 
metasilicate,  LiKAl2(0H,F)  (Si03)3. 

Blowpipe  Tests.  Easily  fusible  at  2  with  intumescence  to  s 
white  glass,  coloring  the  flame  purple.  In  the  closed  tube  or 
intense  ignition  it  gives  water  which  has  an  acid  reaction  due  to 
the  HF  formed. 

Partially  decomposed  by  HCl.  After  fusion  gelatinizes  with 
HCl. 

Uses.     Lepidolite  is  a  source  of  lithium  salts. 

Occurrence.  1.  In  granite-pegmatites  and  surrounding  gran- 
ites associated  with  tourmaline,  albite,  muscovite,  spodumene. 
amblygonite,  etc.     Pala,  San  Diego  County,  California. 


BIOTITE,  (H,K)2(Mg,Fe)Al2(SiO,) 


3 


Form.  Biotite  occurs  in  embedded  crystals  and  disseminated 
scales  and  in  lamellar  masses.  Crystals  are  pseudohexagonal  like 
those  of  muscovite. 

Cleavage,   very  perfect  in  one  direction. 

H.=2Jto3.  Sp.gr.  ±2.9. 

Color,  black  or  dark  brown.     Thin  sheets  are  translucent. 

Optical  Properties.  n^(1.60)  —  7i^(1.57)  =0.03.  Cleavage  flakes 
are  almost  dark  between  crossed  nicols  and  in  convergent  lighti 
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e  a  negative  biaxial  interference  figure  with  a  small  axial 

gle  (2E  =  0-20°).      It  is  sometimes  practically  uniaxial. 

Chemical  Composition.     Acid-potassium  magnesium-iron  alu- 

num  orthosilicate  (H,K)2(Mg,Fe)2Al2(Si04)8. 

Blowpipe  Tests.    Fusible  on  edges  (5)  and  turns  white.     In  the 

•sed  tube  gives  a  little  water  (2  to  4  per  cent.)  on  intense  ignition. 

Decomposed  by  concentrated  HgSO^. 

Occurrence.     1.  In  many  kinds  of  igneous  rocks,  but  espe- 

Jly  prominent  in  granites,  and  in  certain  dike  rocks  known  as 

nprophyrs. 

2.  In  schists  and  gneisses,  sometimes  as  t^e  dominant  mineral. 

otite  is  often  associated  with  muscovite. 

PHLOGOPITE,  H2KMg3Al(SiO,)3 

Form.     Like  the  other  micas  phlogopite  occurs  in  crystals,  in 

sseminated  scales,  and  in  lamellar  masses.     The  crystals  are 

eudohexagonal,  but  are  often  prismatic  in  habit  as  well  as 

bular. 

Cleavage,  very  perfect  in  one  direction. 

H.  =2i  to3.  Sp.gr.  ±2.8. 

Color,  bronze,  brown,  yellow. 

Optical  Properties.     n^{l,60)  —  w^(1.56)  =0.04.    Cleavage  flakes 

/e   very  low  first   order  interference   colors  and  in  conver- 

nt  light,  a  negative  biaxial  interference  figure  with  a  small 

ial  angle  (2E  =  5°  to  20°) . 

Chemical  Composition.     Acid  potassium  magnesium  aluminum 

thosilicate,  HjKMggAlCSiOJj.    Also  contains  iron  and  fluorin. 

Blowpipe  Tests.    Fusible  (5)  on  thin  edges  and  whitens.     In 

e  closed  tube  it  gives  a  little  water  on  intense  ignition. 

Easily  decomposed  by  concentrated  HjSO^. 

Uses.    Phlogopite  is  used  principally  as  an  insulator  in  elec- 

Ical  apparatus. 

Occurrence.     1.  In    crystalline    limestones,    associated   with 

inel,  graphite,  chondrodite,  etc. 
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D.  MISCELLANEOUS  ANHYDROUS  SILICATES 

loUte,  (Mg,Fe),Al3(0H),(Si,O,), 

TOURMALINE,  RJAl3B2(OH)2Si,Oio 

STAUROLITE,  FeAl,(OH)  (SiOe)  ^ 

Margarite,  H^CaAl^  (SiO,)  ^ 

CHLORITE,  H8(Mg,Fe)  5Al,(SiO«) ., 

SERPENTINE,  H.MgjSi^O, 

Sepiolite,  KJ£gJ&ifiio 

Kaolinite,  'K^AlJ&ifi^ 

Lawsonite,  H^CaAl^  (810^)2 

TITANITE,  CaTiSiOft 

lolite,  {Mg,Fe),Al,(OB),(Si,0,), 

Form.     lolite  occurs  in  orthorhombic  (pseudohexagonal)  cj 
tals  of  short  prismatic  habit.     It  is  also  massive. 
Cleavage,  indistinct. 

H.  =  7to7i.  Sp.gr.  ±2.6. 

Color,  blue  to  colorless.  Luster,  vitreous  like  quartz. 

Optical  Properties.  n^(1.54)  —  n^(1.53)  =0.01.  Fragments; 
irregular  with  low  first  order  interference  colors.  In  thick  fr 
ments  iolite  is  pleochroic  from  dark  blue  to  light  blue,  blue 
colorless,  or  blue  to  yellowish. 

Chemical  Composition.  A  basic  magnesium-iron  alumin: 
diorthosilicate  (Mg,Fe)  .AlgCOH) 2(81307)5. 

Blowpipe  Tests.     Fuses  with  difficulty  (5)  and  becomes  opaq 

Partially  decomposed  by  acids. 

Uses.     lolite  is  sometimes  used  as  a  gem. 

Occurrence.     1.  In  gneisses.     Guilford,  Connecticut. 
2.  As  a  contact  mineral  in  slates.     Japan. 

TOURMALINE,  RJAl3B2(OH)2Si40io 

Form.     Tourmaline  usually  occurs  in  distinct   attached 
embedded  crystals,  and  in  columnar  subradiating  aggrega -" 
Tourmaline  is  the  type  example  of  the  ditrigonal  pyramidal  cii 


y 
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if  the  hexagonal  system.  c  =  0.447.  Usual  forms:  ajll20|,  m- 
lOTOj,  m,{OlT0|,  r{I0llK_c{0ll2},_o_(0221},  ciOOOl),  ({2131!, 

((3251!,    iil232|,_r,j0111|,    e,{1012!,    c,|0001j.     InterfaciaJ 

.iigles:_m(I011:1010)=62°    40'^    em,(0n2:0110)=75^   SOJ'; 

'm,(0221 :0110)_=44'' 3';  ee{0112: 1012)  =25^2^  rr{1011 :  UOl)  = 
6°_52'|_oo(0221:2021)  =  77''  O'j  3:x(I232: 1322)  =21°  18';  xx- 
1232:3212)  =43°  22J';  «(2131 :23Tl)  =63°  48';  (((2131 :3T21)  = 

:0°  38^'. 
The  habit  is  short  to  long  prismatic  and  the  cross-section 

hree,-  six-,  or  nine-sided,  very  often  being  rounded  triangular 
ke  a  spherical  triangle.  The  two  ends  of  the  crystals  are  usually 
ifferently  terminated.     Figs.  575  to  578  represent  typical  tour- 

laline  crystals. 


Cleavage,  none.     The  absence  of  cleavage  distinguishes  tour- 
aline  from  hornblende. 
H.=7  to  7i.  Sp.  gr.±3.1. 

Color,  black,  brown,  green,  blue,  red,  pink,  colorless.     The 

;terior  and  interior  and  also  the  opposite  ends  of  a  crystal  often 
ffer  in  color.  Transparent  colored  crystals  show  pleochroism 
ith  a  dichroscope.    ■ 

Tourmaline  is  pyroelectric,  that  is,  a  crystal  which  has  been 
^ated  will,  on  cooling,  develop  positive  electricity  at  one  end  and 
■gative  electricity  at  the  other.  This  may  be  tested  with  a 
le  hair. 
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Optical  Properties.  w^(1.65)  —  n^(1.63)  =0.02.  Fragments  are 
irregular  or  prismatic  with  parallel  extinction.  The  interference 
colors  are  bright.  The  black  and  deep  colored  varieties  are 
pleochroic  (often  from  blue  to  smoke-colored),  while  the  light 
colored  varieties  are  colorless,  but  in  thick  fragments  or  small 
crystals  are  also  pleochroic. 

Chemical  Composition.  A  complex  silicate  of  aluminum,  boron, 
iron,  magnesium,  and  the  alkalies.  No  satisfactory  formula 
has  yet  been  established.  Penfield  gives  R^* AlgBjCOH)  2814019,  in 
which  R^  is  iron,  magnesium,  and  the  alkalies.  The  following  are 
typical  analyses: 


Analyses  of  Tourmaline 


lijO 

NajO 

HjO 

FeO 

MgO 

AltOs 

BsOs 

SiOs 

Misc. 

1.  Pink 

1.9 

2.1 

3.4 

0.2 

42.2 

10.6 

37.6 

2.0 

2.  Pale  green . . 

1.8 

2.2 

3.3 

1.5 

41.3 

10.6 

36.7 

3.8 

3.  Brown 

tr 

0.9 

3.1 

0.9 

14.6 

28.5 

10.4 

35.3 

Ca=5.1 

4.  Black 

tr 

2.2 

3.6 

11.9 

4.6 

31.1 

9.9 

34.9 

2.2 

5.  BUck 

tr 

2.0 

3.6 

14.2 

1.0 

33.9 

9.6 

35.0 

0.6 

Three  principal  varieties  biased  upon  composition  and  color  are 
recognized  namely,  (1)  iron  tourmaline,  black  (analyses  4  and  5), 
(2)  magnesium  tourmaline,  brown  (analysis  3),  (3)  alkali  tour- 
maline, red,  green,  or  blue  (analyses  1  and  2). 

Blowpipe  Tests.  The  fusibility  varies  from  easy  fusibility  at 
3  (magnesium  variety)  to  infusibility  (alkali  variety).  In  the 
closed  tube  at  a  very  high  temperature  it  gives  water  (from  2  to  4 
per  cent.).  Tourmaline  gives  a  green  flame  when  fused  with 
boracic  acid  flux. 

Insoluble  in  acids.     After  fusion  (alone)  it  gelatinizes  with  HCl. 

Uses.     Colored  tourmaline  is  used  as  a  gem. 

Occurrence.  1.  In  granite-pegmatites  often  associated  with 
albite,  lepidolite,  beryl,  apatite,  fluorite,  etc.  Pala,  San  Diego 
County,  California. 
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2.  In  rocks  surrounding  pegmatites  often  associated  with 
cassiterite,  topaz,  etc.  In  greisen,  a  quartz-muscovite  rock 
formed  from  granite  by  pneumatolysis;  in  luxullianite,  a  variety 
of  quartz-porphyry  in  which  the  quartz  is  partly  replaced 
by  tourmaline;  and  in  tourmaline  schists.  Jefferson  County, 
Colorado. 

3.  In  crystalline  limestones  (the  brown  magnesium  variety), 
associated  with  spinel,  phlogopite,  corundum,  etc.  Hamburg, 
New  Jersey. 

4.  In  veins  with  copper  minerals. 

5.  In  sands.     Brazil. 


STAUROLITE,  FeAl6(OH)(SiO-) 


9J2 


m 


-h 


Form.  Staurolite  crystallizes  in  the  orthorhombic  system  and 
is  rarely  found  massive.  The  habit  is  prismatic  with  the  forms 
c{001},  m{110},  ^{010},  and  r{101}  (Fig.  579).  Interfacial 
angles:  mm(110: 110)  =50^  40';  cr(001 :  101) 
=  55°  16'.  Cruciform  penetration  twins 
with  {032}  as  twin-plane  are  common. 

H.  =  7  to  7i.  Sp.  gr.±3.7. 

Color,  brown. 

Optical  Properties.  n^(1.74)  -  n^(1.73)  = 
0.01.  Fragments  are  irregular  with  upper 
first  order  interference  colors  and  are  pleo- 
chroic  from  light  to  deep  yellow. 

Chemical  Composition.  Basic  iron  aluminum  silicate,  FeAlg- 
(OH)(SiOe)2,  corresponding  to  the  acid  H3SiOe(H,SiO,  +  2H20). 
The  iron  is  partly  replaced  by  magnesium  and  the  aluminum  by 
ferric  iron. 

Blowpipe  Tests.     Infusible. 

Partially  decomposed  by  HjSiO^. 

Occurrence.  1.  In  mica  schists  often  associated  with  cyanite, 
sillimanite,  and  garnet. 


Fig.  679. 
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Margarite,  HgCaAl^  (SiOe)  2 

Form.  Margarite  is  a  micaceous  mineral  rarely  found  in  vJ 
defined  crystals.  Like  the  micas  it  occurs  in  lamellar  forms  ai 
in  scaly  masses. 

Cleavage,  perfect  in  one  direction. 

H.=4.  Sp.gr.  ±3.0. 

Color,  gray,  pink,  white.  Luster,  pearly.  Cleavage  lamL'i 
are  brittle,  hence  the  name  brittle  mica  sometimes  used. 

Optical  Properties.  n^=1.64.  Cleavage  flakes  in  convergt 
light  give  a  negative  biaxial  interference  figure  with  large  axi 
angle  (2E  =  100^-120°). 

Chemical  Composition.  Acid  calcium  aluminum  silicai 
H2CaAl4(SiOe)2;  (H20  =  4.5  per  cent.). 

Blowpipe  Tests.  Fusible  at  4J  and  whitens.  In  the  cloi^ 
tube  yields  water. 

Partially  decomposed  by  HCl. 

Occurrence.  1.  Associated  with  corundum  and  emery,  prti 
ably  as  an  alteration  product.     Chester,  Massachusetts. 

CHLORITE,*  H3(Mg,Fe)6Al2(SiOe)3 

Form.  Chlorite  crystals  are  monoclinic  but  pseudohexagor 
in  habit,  usually  resembling  crystals  of  the  micas.  The  mine: 
also  occurs  in  disseminated  flakes  and  in  scaly  masses. 

Cleavage,  perfect  in  one  direction. 

H.  =  2  to  2i.  Sp.  gr.±2.8. 

Color,  green  of  various  tints  and  shades,  varying  from  aln: 
white  to  almost  black. 

Cleavage  laminae  are  flexible,  but  not  elastic. 

Optical  Properties.  n^  =  1.58.  Fragments  are  irregular,  grc* 
in  color  with  faint  pleochroism,  and  very  low  (often  Berlin  bl'^- 
first  order  interference  colors.  Cleavage  flakes  in  convergent  li: 

*  Chlorite  is  really  the  name  of  a  group  of  minerals,  but  on  account  of  the  difficuh; 
distinguishing  them  they  are  all  included  under  one  heading. 
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/e  an  interference  figure  which  is  either  uniaxial,  or  biaxial  with 

small  axial  angle  (2E  =  0°-60°). 

Chemical  Composition.     Acid  magnesium-iron  aluminum  sili- 

te.     The  composition  varies  for  different  chlorites;  for  one  of 

Bm    (clinochlore)    the   formula   is   H8(Mg,Fe)5Al2(SiOe)3.     In 

cne   varieties   chromium   and   ferric   iron  partly  replace  the 

iminum. 

Blowpipe  Tests.     Fusible  with  difficulty  (5^) .     In  the  closed 

30  it  gives  about  12  per  cent,  of  water  at  a  high  temperature. 

Decomposed  by  H2SO4. 

Occurrence.     1.  A    secondary    mineral    in    igneous    rocks, 

med  by  the  alteration  of  such  silicates  as  biotite,  hornblende, 

^ite,  etc. 

I.   In  schists,   often  forming  independent  rock  masses,   the 

o  rite-schists. 


SERPENTINE,  KJiLgJSi^O, 

^orm.     Serpentine  has  never  been  found  in  crystals,  though  it 
jn  occurs  pseudomorphous  after  other  crystallized  minerals. 
IS   usually  compact  or  granular  massive,  but  also  occurs  in 
oils,  columnar,  and  lamellar  forms. 
[.  =3  to  4.  Sp.  gr.±2.5. 

olor,  green  of  various  tints  and  shades,  from  greenish-white 
;reenish-black.  It  is  also  often  yellow,  brown,  or  red  and  the 
►r  is  not  apt  to  be  uniform,  but  is  in  spots  and  streaks. 
ptical  Properties.  n^=1.57.  Fragments  are  irregular,  or 
ixiatic  or  acicular  with  parallel  extinction  and  positive  elonga- 
The  interference  colors  are  i%^  first  order.  The  irregular 
rnents  show  aggregate  structure*  ^tween  crossed  nicols. 
aemical  Composition.  Acid  magnesium  silicate,  H4Mg3Si209; 
3  =  12.9  per  cent.).  •  Part  of  the  magnesium  is  usually  replaced 
Brrous  iron.  Some  analyses  sLow  a  little  aluminum  and  some 
tie  calcium. 
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Analyses  of  Serpentine 


MgO 

FeO 

CaO 

Al,03 

Fe,03 

SiOa 

H3O 

Misc. 

42.6 

0.1 

0.1 

0.3 

42.0 

14.7 

36.5 

1.9 

5.1 

• 

42.9 

13.2 

NiO=0.6 

41.2 

2.4 

41.3 

14.5 

36.8 

7.2 

2.6 

41.6 

12.7 

CraO,=tr. 

Blowpipe  Tests.  Fusible  with  difficulty  (6).  In  the  closed 
tube  gives  water  at  a  high  temperature. 

Decomposed  by  HCl. 

Uses.  Serpentine  is  used  as  an  ornamental  stone.  Fibrous 
serpentine  or  chrysotile  is  one  of  the  minerals  included  under  the 
term  asbestos,  tremolite  being  the  other. 

Occurrence.  1.  An  alteration  product  of  olivine  and  to  a  les^ 
extent  of  bronzite,  forming  the  metamorphic  rock  serpentine 
from  original  peridotite. 

2.  A  secondary  mineral  in  seams  and  veins  and  on  the  border 
of  serpentine  rocks.  Chrysotile,  the  fibrous  variety,  and  antigo- 
rite,  the  lamellar  variety,  occur  in  this  way. 

3.  An  alteration  product  of  diopside  and  olivine  in  crystalline 
limestones,  thus  forming  the  rocks  known  as  ophicalcites. 


Sepiolite,  H^MgjSisO 


10 


Form.  Sepolite  occurs  in  compact  earthy  masses,  and  occa 
sionally  in  fibrous  seams. 

H.  =  2  to  2i.  Sp.  gr.±2.0. 

Color,  white,  yellowish  white,  grayish  white.  Sepiolite  floats 
on  water  when  dry.  .  "/ 

Optical  Properties,  n  about  1.54.  Fragments  are  irregular 
with  low  first  order  interference  colors  and  aggregate  structure. 

Chemical  Composition.  Acid  magnesium  silicate,  H4Mg2Si30n 
(H20  =  12.1  percent.). 
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Blowpipe  Tests.  Fusible  on  thin  edges  (5) .  In  the  closed  tube 
yields  water.  Heated  with  cobalt  nitrate  solution  it  becomes 
pink. 

Gelatinizes  with  HCl. 

Uses.     Sepiolite  or  meerschaum  is  used  for  tobacco  pipes. 

Occurrence.     1.  Associated  with  serpentine.     (Asia  Minor.) 

Kaolinite,  H^Al^Si^O^ 

Form.     Kaolinite  is  sometimes  found  in  minute  pseudo-hexa- 
gonal (monoclinic)  crystals  of  tabular  habit.     Fig.  580  represents 
crystals  found  by  the  author  at  Argentine,  Kansas,  in  a  dolomitic 
limestone.     The  usual  occurrence  of  kaolin- 
ite is  in  clay-like  masses. 

H.=2  to  2 J.  Sp.  gr.±2.6. 

Color,  white,  grayish,  yellowish,  etc. 
Luster,  pearly  to  dull. 

Optical  Properties,  n  =  1 .  55.  Fragments 
are  irregular  and  show  aggregate  structure 
between  crossed  nicol's. 

Chemical  Composition.     Acid  aluminum 
silicate,  H^ AlgSijOj,;  (HjO  =  14.0  per  cent.) .    Kaoimite  crj^stais  (x  soo). 
Iron  is  often  present  in  small  amounts. 

Blowpipe  Tests.  Infusible  if  pure.  Heated  with  cobalt  nitrate 
solution  it  becomes  deep  blue.     In  the  closed  tube  gives  water. 

Insoluble  in  acids. 

Uses.  Kaolin,  a  mixture  of  kaolinite  and  other  aluminum 
silicates  with  more  or  less  quartz,  feldspar,  etc.,  is  used  in  the 
manufacture  of  porcelain,  china,  and  pottery. 

Occurrence.  1.  A  secondary  mineral  formed  from  the  feld- 
spars either  by  carbonated  water  or  by  pneumatolysis.  The 
association  at  some  localities  of  kaolinite  with  fluorite  and  cassiter- 
ite  proves  its  origin  by  pneumatolysis. 

2-  In  sedimentary  rocks  formed  by  the  alteration  of  aluminous 
silicates. 
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Lawsonite,  H4CaAl2  (8105)2 

Form.     Lawsonite   usually   occurs   in   tabular   or   prismatic 
orthorhombic  crystals  which  are  disseminated  through  the  rock. 
Cleavage,  fair  but  not  prominent. 

H.=8.  Sp.gr.  ±3.1. 

Color,  white  or  gray. 

Optical  Properties.  7i^(1.68)  —  n^(1.66)  =0.02.  Fragments  are 
plates  with  parallel  extinction  or  are  irregular.  The  interference 
colors  are  bright. 

Chemical  Composition.  Acid  calcium  aluminum  silicate. 
H4CaAl2(Si06)2;  (H20  =  11.4  per  cent.). 

Blowpipe  Tests.  Fusible  to  a  blebby  glass  with  exfoliation  at 
first,  but  after  that  it  is  infusible  and  glows.  In  the  closed  tube 
it  yields  water  at  a  high  temperature. 

Insoluble  in  HCl,  but  after  fusion  (alone)  it  gelatinizes. 

Occurrence.  1.  In  glaucophane  schists  and  related  rocks.  It 
has  been  formed  from  the  anorthite  molecule  of  plagioclase. 
Tiburon  Peninsula,  California  is  the  type  locality  of  lawsonite. 

2.  In  gabbros  and  diorites  as  an  alteration  product  of  plagio- 
clase. 

TITANITE,  CaTiSiO^ 

Form.  Titanite  occurs  in  attached  crystals,  and  in  dissemi- 
nated crystals  and  grains.  Crystals  are  monoclinic  of  varied 
habit,  but  are  usually  acute  rhombic  in  cross-section.  Usual 
forms:  c{001},  m{110},  n{lll}.  Interfacial  angles:  m?n(110: 
Tl0)=66°  29';  nn(lll:lTl)  =43°  49';  cm (00 1 :  110)  =65°  30': 
cn(001:lll)=38°  16'. 

Cleavage.  There  is  sometimes  prominent  parting  in  two  direc- 
tions at  angles  of  54°. 

H.  =  5  to  5 J.  Sp.  gr.±3.5. 

Color,  varying  tints  and  shades  of  yellow  and  brown.  Luster, 
adamantine  or  subadamantine. 
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Optical  Properties.  n^(2.00)  —  n^(1.88)  =0.12.  Fragments  are 
irregular  and  slightly  pleochroic  with  very  high  order  interference 
colors. 

Chemical  Composition.  Calcium  titanate-silicate,  CaTiSiOg,  a 
salt  of  HgSijOg  in  which  one  atom  of  silicon  is  replaced  by  one  of 
titanium. 

Blowpipe  Tests.  Fusible  at  4  to  colored  glass.  Gives  a  violet 
NaPOg  bead  in  R.F. 

Partially  soluble  in  HCl. 

Occurrence.  1.  An  accessory  constituent  of  igneous  rocks, 
very  common  and  widely  distributed. 

2.  In  clefts  and  seams  of  metamorphic  rocks. 

3.  Disseminated  through  metamorphic  rocks  and  probably 
formed  from  titaniferous  pyroxenes.     Coast  Ranges  of  California. 

E.  HYDROUS  SILICATES 


Zeolite 
Group 


APOPHYLLITE, 

HEULANDITE, 

STILBITE, 

Latunontite, 

CHABAZITE, 

ANALCITE, 

WATROLITE, 

Gamierite, 
Allophane, 
CHRYSOCOLLA, 


(H,K)2Ca(Si03)2H20 
H,CaAl2(Si03)3  3H20 

H,(Na2,Ca)  Al2(Si03)  «-4H,0 

(Ca,Wa2)Al2(Si03),6H,0 
WaAl(Si03)2H20 
Wa^AlgSigOio  2H2O 

H,(Ni,Mg)SiO,  H^O 
AlgSiO^SH^O 
CuSi03  2H20 


ZEOLITE  GROUP 

Under  the  zeolites  are  included  a  number  of  hydrous  silicates 
of  aluminum  with  calcium  and  the  alkalies,  which  are  somewhat 
similar  to  the  feldspars  except  for  the  water  of  crystallization. 
They  are  characterized  by  low  specific  gravity  (2  to  2.5)  and 
moderate  hardness  (3  to  5i) . 

They  are  all  decomposed  by  HCl  with  the  separation  of  slimy 
silica  and  are  easily  fusible  (2  to  3)  with  intumescence,  hence  the 
name  from  the  Greek  word  meaning  to  boil. 

26 
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The  zeolites  are  secondary  minerals  found  in  cavities  of  j 
basic  igneous  rocks  as  basalts  and  diabases.  Table  Mt.  at  Goi 
Colorado,  and  Bergen  Hill,  New  Jersey,  are  prominent  locali 
for  zeolites. 

APOPHYLLITE,  (H,K)2Ca(Si03)2  H^O 

Form.     Usually  occurs  in  distinct   crystals  in   cavities 
along  seams.     Apophyllite  crystallizes  in  tetragonal  cryst:;! 
varying  habit.     Usual  forms:  a{100},  2/{310},  p{lll},  c'* 
Interfacial  angles:  cp(001:  111)  =60°  32';  apClOO:  111)  =52^ 
p/)(lll:lll)=76°  0';  aT/(100:310)  =  18°  26'.     (Figs.  581-5^^ 

Cleavage,  in  one  direction  parallel  to  {001}. 


Fig.  581. 


a 


^' 


a 


JJ 


Fig.  582. 


^~^-\?T\ 


a 


y- 


Fio.  583. 


Fig.  W 


H.=4ito5.  Sp.gr.  ±2.3. 

Color,  colorless  or  white.  Luster  of  (001)  face,  pearly;  of  (■' 
faces,  vitreous. 

Optical  Properties.  n^(1.535)  - n^(1.533)  =0.002.  Fragi:  i 
are  square  or  rectangular  and  are  either  dark  between  cn-^ 
nicols  or  have  low  first  order  interference  colors.  Cleavage  fii 
give  a  positive  uniaxial  interference  figure  in  convergent  ligt* 

Chemical  Composition.  A  hydrous  acid  calcium  metasiliij 
(H,K)2Ca(Si03)2*H20.  A  little  potassium  replaces  part  ofi 
hydrogen  and  some  analyses  show  a  little  fluorin. 

Blowpipe  Tests.  Easily  fusible  (2)  with  exfoliation  to  a  v  I 
enamel.     In  the  closed  tube  it  yields  water  (about  16  per  ct':-l 
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Decomposed  by  HCl. 

Occurrence.  1.  In  cavities  of  basic  igneous  rocks.  West 
Paterson,  New  Jersey. 

HEULANDITE,  H.CaAlaCSiOa)^  SH^O 

Form.     Heulandite    crystallizes   in   the    monoclinic    system. 
Usual  forms:  6{010},  c{001},J{201},  s{201},  m{110}.     Angles: 
0^001:201)  =63°  40';  cs(001:201)  =66°  (Y;  6m(010: 110)  =68°  2'. 
The  habit  is  usually  thick  tabular  parallel 
to   {010}.     The  unsymmetrical  outline  of 
Fig.  585  is  characteristic. 

Cleavage,  perfect  in  one  direction  parallel  ^«; 
to  {010}. 

H.=3i  to  4.  Sp.  gr.±2.2. 

Color,  colorless,  white,  pale  brown,  red- 
dish.    Luster  pearly  on  the  (010)  face. 

Optical  Properties.    n^(1.505)  -  n„(1.498) 
=  0.007.     Fragments  are  plates  with  low  p^^  ^^ 

first  order  interference  colors.      Cleavage 
flakes  give  a  positive  biaxial  interference  figure  in  convergent 
light. 

Chemical  Composition.  Hydrous  acid  calcium  metasilicate, 
H,CaAl2(Si03)e-3H20;  (H20  =  14.8  per  cent.).  The  calcium  is 
usually  partly  replaced  by  small  amounts  of  sodium,  potassium, 
and  strontium.  Brewsterite  is  a  similar  isomorphous  mineral 
with  the  calcium  mostly  replaced  by  strontium  and  barium. 

Blowpipe  Tests.  Easily  fusible  (3)  with  exfoliation  to  a  white 
enamel.     In  the  closed  tube  it  gives  water. 

Decomposed  by  HCl. 

Occurrence.  1.  A  secondary  mineral  in  cavities  of  basic  ig- 
neous rocks. 

STILBITE,  H,(Ca,Na2)Al2(Si03),.4H20 

Form.  Stilbite  usually  occurs  in  indistinct  crystals  or  in 
sheaf-like  aggregates.     Crystals  are  monoclinic  but  are  pseudo- 
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orthorhombic  by  twinning.     The  symmetrical   outline  of 
586  is  typical  of  stilbite. 

Cleavage,  in  one  direction  rather  perfect. 

H.  =  3i  to  4.  Sp.  gr.±2.1. 

Color,  white,  yellow,  brown. 

Optical  Properties,     n/1.500)  -  n„(1.494)  =0.006.     Fragn. 
are  prismatic  with  parallel  extinction  and  negative  elonga" 

The    interference    colors    are    upper 
order. 

Chemical   Composition.       Hydrous 
calcium-sodium     aluminum     metasilic 
H,(Ca,Na2)Al2(Si03)e-4H20;       (H,0  = 
per  cent,  if  Ca:Na  =  6:l). 

Blowpipe  Tests.  Easily  fusible  (3)  ' 
exfoliation  to  a  white  enamel.  In 
closed  tube  yields  water. 

Decomposed  by  HCl. 

Occurrence.  1.  A  secondary  minera 
cavities  and  seams  of  igneous  rn 
especially  basalts  and  diabases. 


Fig.  586. 


Laumontite,  H4CaAl2(Si207)2-2H20 

Form.  Laumontite  occurs  in  small  crystals,  and  in  fibr 
and  columnar  forms.  The  crystals  are  monoclinic  and  prism^ 
in  habit  with  acute  terminations. 

Cleavage,  parallel  to  the  length  of  the  crystals. 

H.=3  to  4.  Sp.  gr.±2.3. 

Color,  white  or  reddish.  Luster,  somewhat  pearly.  Oi 
crumbles  on  exposure. 

Optical  Properties,     n/1.525)  -  n^(1.513)  =0.012.     Fra 
are  prismatic  with  low  first  order  interference  colors  and  o 
extinction  (30°). 

Chemical    Composition.     Hydrous    acid    calcium    alumi 
diorthosilicate,  H4CaAl2(Si207)2*2H20;  (H20  =  15.3  percent 
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Blowpipe  Tests.     Fuses  at  2^  with  swelling  to  a  white  enamel, 
the  closed  tube  it  yields  water. 

Occurrence.     1.  As   a   secondary   mineral  in   igneous  rocks, 
►ecially  amygdaloidal  basalts  and  diabases. 

CHABAZITE,  (Ca,Na2)Al2(Si03),-6H20 

?*orm.     Chabazite  practically  always  occurs  in  distinct  rhom- 
ledral  crystals  which  are  cube-like  (lOTliTlOl)  =85°  14'  (Fig. 
^) .     Penetration  twins  with  c  as  the  twin-axis  are  common. 
I.  =  4J.  Sp.gr.  ±2.1. 

^olor,  white,  colorless,  pink,  red. 

Optical  Properties,     n/1.488)  - n^(1.485)  =0.003.     Fragments 
nearly  square  rhombs  or  are  irregu- 
The  interference  colors  are  low  first 
er. 

/hemical  Composition.  Hydrous  cal- 
m-sodium aluminum  metasilicate, 
., Nag)  AljCSiOg), -61120.  A  little  potas- 
n  is  usually  present. 
^owpipe  Tests.  Fuses  at  3  with  in- 
lescence  to  a  white  glass.  In  the 
;ed  tube  yields  water  (about  21  per  -piQ.  587. 

t.). 

)ecomposed  by  HCl. 

>ccurrence.     1.  A  secondary  mineral  in  cavities  and  seams  of 
;ous  rocks  associated  with  the  other  zeolites. 

ANALCITE,  NaAl(Si03)2H20 

onn.     Analcite   occurs  in   attached   crystals   or  in   druses 
ig  cavities  and  seams.     It  is  isometric  in  crystallization,  the 
r  common  form  being  the  trapezohedron,   {211},  the  same 
1  that  is  common  on  garnet  (Fig.  588). 
.  =  5  to  5i.  Sp.  gr.±2.2. 

olor,  colorless  or  white. 
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Optical  Properties.     n  =  1.48.  Isotropic.  Fragments  are  irregu- 
lar and  dark  between  crossed  nicols. 

Chemical  Composition.     Hydrous  sodium  aluminum  metasili- 

cate,  NaAl  (Si03)3-H20;  (H20  =  8.^per  cent.). 

Blowpipe  Tests.     Fusible  at  3^  to  a  colorless 
glass.     In  the  closed  tube  gives  water. 
Soluble  in  HCl  with  gelatinization. 
Occurrence.     1 .  A  secondary  mineral  in  seam? 
and  cavities  of  basic  igneous  rocks. 

2.  As  an  original  constituent  of  certain  dia- 
bases, called  teschenites.  : 


FiQ.  588. 


/' 


NATROLITE,  Na^Al^SigOio^HjO 

Form.  This  mineral  occurs  in  divergent  crystal  groups  or  i: 
fibrous  masses.  Crystals  are  orthorhombic  but  apparent!} 
tetragonal  (110:lT0  =  88°  45').     The  habit  is  long  prismatic  c: 

?icular  terminated  by  the  low  bipyramid  {111}. 
.J^ig.  589  represents  a  typical  natrolite  crystal.    The 
y  side  face,  6,  proves  it  to  be  orthorhombic. 
H.  =  5.  Sp.gr.  ±2.2. 

Color,  colorless  or  white. 

Optical  Properties,  n/1.488)  -  n„(1.475)  =0.013. 
Fragments  are  prismatic  or  acicular  with  parallel 
extinction,  positive  elongation,  and  bright  inter- 
ference colors. 

Chemical  Composition.  Hydrous  sodium  alu- 
minum silicate,  Na2Al2Si30io*2H20;  (H20  =  9.5  per 
cent.). 

Blowpipe  Tests.  Easily  fusible  (2J)  to  a  color- 
less glass  giving  a  yellow  flame.  In  the  closed  tube 
it  yields  water. 

Decomposed  by  HCl  with  gelatinization. 

Occurrence.     1.  A  secondary  mineral  occurring  in  cavities  ( 
basalts  and  diabases. 


FiQ.  589. 
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Garnierite,  H2(Ni,Mg)SiO,  HjO 

Form.     Garnierite    has    never    been    found    in    crystals.     It 

lUTs  in  earthy  masses. 

H.  =  2  to  3.  Sp.  gr.±2.5. 

ZoloTj  bright  green  to  pale  green. 

Dptical  Properties,  n  about  1.59.  Fragments  are  irregular, 
ienish  in  color,  and  show  aggregate  structure  in  polarized  light. 
Chemical  Composition.  A  hydrous  acid  nickel-magnesium 
ihosilicate,  H2(Ni,Mg)Si04-H20. 

Blowpipe  Tests.     Infusible.   Heated  pn  charcoal  becomes  mag- 
tic.     In   the   closed   tube  blackens   and   yields  water.     The 
rax  bead  is  violet  when  hot. 
Partially  decomposed  by  HCl. 

Uses.     Garnierite  is  one  of  the  chief  ores  of  nickel.     The 
snch  colony  of  New  Caledonia  is  the  only  important  locality. 
Occurrence.     1.  A  secondary  mineral  associated  with  serpen- 
ized  peridotites;  probably  an  alteration  product  of  nickel- 
aring  olivine.     Riddles,  Oregon. 

Allophane,  Al^SiOg-SH^O 

Form.     Allophane  is  one  of  the  very  few  amorphous  minerals, 
usually  occurs  in  incrusting  forms  sometimes  with  a  mammil- 
y  surface  and  resembles  hyalite, 
a.  =  3.  Sp.gr.  ±1.9. 

ZoloTy  white,  colorless,  pale  blue.     Very  brittle. 

Dptical    Properties.     n=1.49.     Isotropic.        Fragments    are 
3gular,  colorless,  and  dark  between  crossed  nicols. 
[j^hemical  Composition.     Hydrous  aluminum  silicate,  AlgSiOg- 
.jO;  (H20  =  35.7  per  cent.).     Some  varieties  contain  copper. 
Blowpipe  Tests.     Infusible.     In  the  closed  tube  gives  a  large 
ount  of  water  at  a  low  temperature.   With  cobalt  nitrate  solu- 
n  it  gives  a  deep  blue  color. 
Soluble  in  HCl  with  gelatinization. 
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Occurrence.  1.  A  secondary  mineral  occurring  in  seams  i 
incrustations. 

CHRYSOCOLLA,  CuSiOg  ffl^O 

Form.  Chrysocolla  is  never  found  in  crystals  but  occurs 
seams  and  in  incrustations,  sometimes  having  a  mamnii!!. 
surface. 

H.  =  2to  4.  Sp.  gr.±2.1. 

Color,  bluish-green  or  greenish-blue. 

Optical  Properties,  n  about  1.57.  Fragments  are  irregii 
isotropic  in  part,  but  usually  show  aggregate  structure 
polarized  light. 

Chemical  Composition.  Hydrous  copper  metasilicate,  CuSii 
2H2O;  (Cu  =  36.1  per  cent.,  H2O  =  20.5  per  cent.). 

Blowpipe  Tests.  Infusible.  Colors  the  flame  green.  In  1 
closed  tube  it  blackens  and  gives  water. 

Decomposed  by  HCl  without  gelatinization. 

Uses.  Chrysocolla  is  one  of  the  so-called  oxidized  ore? 
copper. 

Occurrence.  1.  A  secondary  mineral  often  associated  wi 
malachite,  azurite,  and  cuprite,  and  usually  found  in  the  uj: 
workings  of  mines.     Gila  County,  Arizona. 


PART  VII 

THE  OCCURRENCE,  ASSOCIATION,  AND 

ORIGIN  OF  MINERALS 

1.  DISTRIBUTION  AND  OCCURRENCE 

The  earth's  crust  is  composed,  for  the  most  part,  of  rocks  which 
are  made  up  of  various  minerals.  Minerals  forming  the  main 
bulk  of  rocks  are  comparatively  few  in  number  being  limited 
bo  a  dozen  or  so  kinds,  such  as  feldspars,  pyroxenes,  amphiboles, 
micas,  olivine,  quartz,  and  calcite.  The  great  majority  of 
minerals  are  found  in  rocks  in  small  amounts,  the  so-called  acces- 
sory constituents,  or  in  veins,  which  are  sometimes  very  rich  in 
-are  and  valuable  minerals,  or  as  secondary  minerals  developed  in 
javities  and  other  favorable  places. 

Some  minerals  are  common  in  quantities  the  world  over,  for 
example,  quartz,  calcite,  feldspars,  pyrite,  sphalerite,  and  hema- 
;ite.  Some  are  widely  distributed  but  occur  in  small  quantities, 
or  example,  zircon  and  titanite.  Others  occur  in  large  quantities 
it  a  very  few  localities,  for  example:  cryolite  (West  Greenland), 
ranklinite  (Sussex  County,  New  Jersey)  and  carnallite  (Stassf urt, 
jrermany) . 

Minerals,  unlike  plants  and  animals,  are  not  arranged  in 
geographic  zones,  nor  are  they  necessarily  characteristic  of  any 
)articular  geological  age  except  locally.  The  only  zones  that 
an  be  recognized  are  vertical  zones  depending  upon  physical 
onditions  of  temperature  and  pressure.  Thus  Van  Hise  recog- 
lizes  three  zones:  (1)  from  the  surface  to  the  level  of  ground- 
v^ater,  (2)  zone  of  ground-water,  (3)  zone  below  the  ground-water. 

Minerals  occur  in  rocks  or  in  mineral  deposits  such  as  veins, 
tockworks,  contact  deposits,  etc.     Rocks  may  be  defined  as 
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• 
mineral  aggregates  which  make  up  an  essential  part  of  the  earth's 
surface.  They  are  usually  divided  into  three  large  groups,  (1) 
igneous  (those  formed  from  fusions),  (2)  sedimentary  (those  laid 
down  in  water),  and  (3)  metamorphic  (original  igneous  or  sedi- 
mentary rocks  more  or  less  modified  by  heat,  pressure,  or  chemi- 
cal action.)  Though  some  minerals  such  as  quartz  and  pyrite  are 
common  to  all  these  groups,  many  are  restricted  in*  their  occur- 
rence. Leucite,  for  example,  is  found  only  in  igneous  rocks,  while 
glaucophane  is  restricted  to  the  metamorphic  rocks. 

2.  ASSOCIATION  AND  ORDER  OF  SUCCESSION 

The  minerals  of  rocks  and  other  mineral  deposits  occur  together 
in  more  or  less  definite  association  one  with  another.  Many  o: 
the  associations  are  so  characteristic  that  the  experienced  miner- 
alogist makes  use  of  the  facts  in  determining  minerals.  Oe 
the  other  hand,  the  determination  of  minerals  helps  to  decide  the 
kind  of  rock  or  mineral  deposit  and  so  is  important  to  the 
geologist,  petrographer,  and  mining  engineer.  The  following  are 
some  of  the  characteristic  mineral  associations:  lepidolite,  tour- 
maline, spodumene,  beryl,  and  albite  in  granite-pegmatite.v 
wolframite,  cassiterite,  scheelite,  topaz,  and  fluorite  in  tin-stone 
veins;  wollastonite,  vesuvianite,  wernerite,  garnet,  and  calcite 
in  limestone  contacts;  tremolite,  phlogopite,  chondrodite. 
spinel,  and  dolomite  in  crystalline  dolomitic  limestones;  zeolites, 
calcite,  datolite,  prehnite,  and  apophyllite  as  secondary  mineral 
in  basic  igneous  rocks.  ^ 

Not  only  the  association  but  also  the  order  of  succession  i5 
often  characteristic.  In  most  granites  the  following  order  may 
be  made  out  in  a  thin  section:  (1)  magnetite,  (2)  biotite,  (3 
feldspar,  and  (4)  quartz.  In  granites  and  igneous  rocks  generally, 
it  is  the  solubility  rather  than  the  fusibility  that  governs  the 
order  of  crystallization.  Thus,  quartz,  though  the  most  infusible, 
separates  out  last  because  it  is  most  soluble  under  the  given 
conditions. 
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In  the  Joplin  lead  and  zinc  district  of  south-west  Missouri  the 
ninerals  crystallizing  free  in  cavities  usually  exhibit  the  foUow- 
ng  sequence:  (1)  dolomite,  (2)  galena,  (3)  sphalerite,  (4)  chalco- 
pyrite,  (5)  marcasite,  (6)  calcite.  In  veins  quartz  is  usually  the 
irst  mineral  to  crystallize  out,  though  it  may  also  occur  in  a 
second  generation.  Minerals  formed  subsequent  to  the  main 
rock  mass  are  called  secondary.  « For  example,  chalcedony  in  rhy- 
Dlites,  and  cerussite  in  veins  with  galena,  are  secondary  minerals. 

3.  ORIGIN  OF  MINERALS 

Minerals  may  originate  in  various  ways.  Some  have  been 
formed  from  water  solution  (veins,  spring  deposits,  secondary 
minerals  in  cavities)  either  by  concentration  of  solutions  or  by 
chemical  reactions.  Some  have  been  formed  by  separation  from 
a  molten  magma  (minerals  of  igneous  rocks,  such  as  granites, 
rhyolites,  basalts,  etc.).  Others  have  been  formed  by  organisms 
and  still  others  by  the  chemical  readjustment  incident  to 
nietamorphism.  To  determine  the  method  of  formation  and 
source  of  the  material  is  an  important  part  of  mineralogical 
investigation. 

Many  minerals  have  been  formed  in  several  different  ways  and 
this  fact  is  often  indicated  by  a  peculiarity  of  habit.  Thus  ortho- 
clase  is  usually  formed  from  fusion  as  in  granites  and  rhyolites, 
but  vein  orthoclase  (valencianite)  has  a  pseudo-orthorhombic 
habit  quite  different  from  that  found  in  igneous  rocks. 

4.  PARAGENETIC  VARIETIES 

The  present  tendency  in  mineralogy  is  to  do  away  with  the  old 
varietal  names  based  upon  non-essential  properties  and  to  substi- 
tute for  them  varieties  based  upon  the  mode  of  occurrence  and 
possible  origin.  On  account  of  the  difficulty  of  always  determin- 
ing the  origin  it  is  convenient  to  base  the  varieties  principally 
upon  the  mode  of  occurrence.  Paragenesis  is  a  term  used  for  the 
association  of  minerals  with  special  reference  to  their  occurrence 
and  origin.     So  these  varieties  may  be  designated  by  the  term 
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paragenetic  varieties.  It  is  not  possible  to  establish  paragenetic 
varieties  for  all  minerals  at  present  and  in  many  cases  there  may 
be  a  difference  of  opinion.  The  number  of  varieties  also  depends 
upon  the  subdivisions  of  rocks  and  mineral  deposits  used,  which 
in  turn  depend  upon  the  purpose  in  view.  As  an  example  of 
paragenetic  varieties  let  us  take  the  mineral  calcite. 

(a)  As  a  vein  mineral,  often  as  the  gangue  of  metallic  ores. 

(b)  As  travertine,  calcareous  tufa,  and  cave  deposits. 

(c)  As  a  biogenic  mineral  forming  limestones. 

(d)  As  a  secondary  mineral  in  basic  igneous  rocks. 

(e)  As  a  secondary  mineral  in  seams  and  cavities  of  sedimen- 
tary rocks. 

(f)  As  the  recrystallized  material  of  crystalline  limestones. 

5.  SYNTHESIS  OF  MINERALS 

Besides  filling  up  gaps  in  isomorphous  groups  and  furnishing 
better  material  for  study  the  synthesis  of  a  mineral  often  gives  a 
clue  to  its  origin  in  nature.  Most  minerals  have  been  produced 
artificially ;  even  the  diamond  has  been  made  in  minute  crystals 
in  three  or  four  different  ways. 

The  methods  of  mineral  synthesis  differ  greatly,  the  apparatus 
varying  from  a  test-tube  to  the  electric-furnace.  A  general 
method  is  that  of  the  sealed  tube.  A  hard  glass  tube  containing 
the  proper  substances  is  sealed  up  and  heated  in  a  bomb  furnace 
for  several  days  or  several  weeks  if  necessary.  Water  vapor 
under  pressure  plays  an  important  part  in  the  reaction,  as  it  also 
seems  to  in  nature.  An  example  of  this  method  is  the  production 
of  covellite  (CuS)  by  heating  powdered  sphalerite  (ZnS)  in  a  water 
solution  of  CuSO^,  using  an  atmosphere  of  COj.  After  a  few  hour? 
a  blue  black  powder  (covellite)  appears.  The  reaction  is  ZnSr 
CuS04  =  CuS  +  ZnS04.  In  the  Joplin  district  the  author  has 
found  covellite  pseudomorphous  after  sphalerite,  so  that  this 
reaction  has  doubtless  taken  place  in  nature.  Geologic  time  is 
partly  compensated  for  by  increased  temperature  and  pressure. 

The  basic  igneous  rocks  are  easily  reproduced  and  such  minerals 
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as  olivine,  pyroxene,  leucite,  and  plagioclase  crystallize  out 
easily  from  a  molten  mass  of  the  proper  constituents. 

French  mineralogists  and  chemists  have  been  especially  active 
in  mineral  synthesis.  The  work  of  Fouqu^  and  L6vy  in  mineral 
synthesis  is  a  classic. 

Intermediate  between  the  naturally  occurring  minerals  and 
the  so-called  artificial  minerals  are  the  minerals  which  have  been 
formed  on  mine-tools,  prehistoric  implements,  old  coins,  etc. 
Man  has  unintentionally  furnished  part  of  the  material,  but  has 
not  directed  the  conditions  of  the  experiment,  hence  the  term 
accidental  synthesis.  The  author  has  identified  cuprite,  mala- 
chite, azurite,  and  cerussite  on  buried  Chinese  coins  of  the  seventh 
century  found  at  Kiukiang,  China. 

A  classic  example  is  that  of  the  old  Roman  baths  at  the  thermal 
springs  of  Bourbonne-les- Bains  in  France  described  by  Daubr6e. 
Here  bronze  coins  thrown  in  the  spring  as  votive  offerings  were 
[ncrusted  with  such  minerals  as  chalcocite,  chalcopyrite,  bornite, 
and  tetrahedrite.     Zeolites  were  also  formed  in  the  conduits. 

5.  ALTERATIONS,  PSEUDOMORPHS,  AND  REPLACEMENTS 

Many  minerals  show  evidences  of  alteration,  especially  around 
:he  border.  The  more  common  chemical  changes  involved  are 
oxidation  (sulfids  to  sulfates,  sulfids  to  oxids,  arsenids  to  arse- 
lates,  etc.),  reduction  (sulfates  to  sulfids,  sulfids  to  metals,  oxids 
;o  metals),  and  carbonation  (sulfids  to  carbonates) .  There  are 
ilso  more  complex  changes  which  have  received  special  names. 
The  following  may, be  mentioned  as  prominent  alterations,  many 
>f  them  occurring  as  pseudomorphs :  Galena  to  cerussite, 
phalerite  to  smithsonite,  pyrite  to  limonite,  smaltite  to  erythrite, 
luprite  to  malachite,  olivine  to  serpentine  (serpentinization), 
iUgite  to  hornblende  (uralitization),  and  orthoclase  to  sericite,  a 
variety  of  muscovite  (sericitization) . 

A  pseudomorph  is  one  mineral  with  the  form  of  another,  a  false 
orm,  as  the  name  indicates.  Thus  limonite,  which  never  crys- 
allizes,  is  often  found  in  cubes.     As  may  be  seen  by  breaking 
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the  crystals,  the  cubes  were  originally  pyrite  and  were  change 
to  limonite  by  oxidation.  This  is  an  example  of  a  linionit 
pseudomorph  after  pyrite.  Pseudomorphs  may  be  divided  int 
four  classes  as  follows: 

1.  Alteration  pseudomorphs  in  which  there  is  either  loss,  gain,  c 
interchange  of  some  constituent.  Examples  of  the  three  case; 
copper  after  azurite,  malachite  after  cuprite,  cerussite  aft6 
galena. 

2.  Paramorphic  pseudomorphs  or  paramorphs,  A  pseudc 
morph  of  one  dimorphous  mineral  after  another  is  called  a  para 
morph.     Example,  calcite  after  aragonite. 

3.  Substitution  pseudomorphs.  An  interchange  of  substano 
not  involving  alteration.     Example,  chalcedony  after  calcite. 

4.  Incrustation  pseudomorphs.  If  one  mineral  incnists  anothf! 
and  then  the  original  mineral  is  dissolved  there  remains  a  ca\it) 
preserving  its  original  shape  which  may  afterward  be  filled  b- 
some  other  mineral.     Example,  quartz  after  fluorite.  i 

The  replacement  of  a  fossil  by  a  mineral  substance  is  called  i 
petrifaction.  Quartz,  chalcedony,  calcite,  limonite,  and  pyr> 
are  the  more  commonly  occurring  minerals  found  as  petrifactioc* 

Metasomatic  replacement  is  a  geological  term  which  implir 
the  replacement  or  substitution  of  a  rock  or  vein  by  ore-beari 
solutions.     One  of  the  best  examples  is  fine  granular  galena  \vi 
the  form  and  structure  of  limestone  and  formed  by  the  repl 
ment  of  the  limestone  by  galena  molecule  by  molecule  so  t 
the    structure    is    retained.     Metasomatic   replacement   is 
portant  in  the  study  of  ore-deposits. 

List  of  Mineral  Occurrences 


According  to  occurrence  the  principal  minerals  may  be  lis 
and  discussed  under  eight  headings  as  follows: 

Igneous  Rocks  Organic  Deposits 

Volcanic  Exhalations  Veins 

Pegmatites  Spring,  Lake,  and  Sea  Deposits 

Clastic  Rocks  Metamorphic  Rocks 
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7.  IGNEOUS  ROCKS 

The  igneous  rocks  are  the  result  of  the  cooling  and  crystalliza- 
tion of  a  molten  mass  called  a  magma.  As  these  rocks  are  found 
at  great  depths  and  often  represent  the  oldest  known  part  of  the 
earth's  surface,  they  are  supposed  to  have  been  the  original  crust 
of  the  earth  upon  which  the  younger  sedimentary  rocks  have 
been  laid  down.  Igneous  rocks  are  usually  dense  crystalline 
rocks  without  much  structure. 

They  occur  in  deep-seated  masses  of  indeterminate  shape  called 
batholiths;  in  dikes,  which  are  comparatively  narrow,  nearly 
vertical,  wall-like  rock  masses;  in  sills,  which  are  like  dikes,  but  are 
parallel  to  the  bedding  planes  of  sedimentary  rocks;  in  laccolites, 
ens-shaped  masses,  the  intrusions  of  which  have  forced  overlying 
•ocks  into  huge  domes;  in  surface  flows,  due  to  the  outpouring  of 
ava  from  volcanoes;  and  in  volcanic  necks,  rock  masses  occupying 
,he  throats  of  former  volcanoes.  Batholiths,  dikes,  sills,  and 
accolites  are  intrusive,  that  is,  have  forced  their  way  into  other 
•ocks  from  below.  They  are  also  called  plutonic  rocks,  which 
neans  deep-seated.  Surface  flows  and  volcanic  necks,  on  the 
»ther  hand,  are  extrusive,  that  is,  have  reached  and  often  have 
pread  out  over,  the  surface.     They  are  also  called  volcanic  rocks. 

Unless  they  are  glasses  due  to  quick  cooling  of  the  magma, 
^neous  rocks  are  aggregates  of  minerals.  The  bulk  of  rock- 
nasses  is  composed  of  a  comparatively  few  minerals.  The 
mportant  minerals  of  igneous  rocks  may  be  indicated  thus: 

1.  Principal  minerals.  Feldspars,  pyroxenes,  amphiboles, 
iotite,  olivine,  nepheline,  leucite,  and  quartz.  .. 

2.  Accessory  minerals.  Magnetite,  apatite,  zircon,  titanite, 
tid  ilmenite. 

3.  Secondary  minerals  (due  to  alteration  or  infiltration), 
xiartz,  chalcedony,  opal,  calcite,  zeolites,  chlorite,  epidote, 
jricite  (muscovite),  hornblende,  and  serpentine. 

The  separation  of  minerals  from  the  molten  magma  takes 
.£3,ce  according  to  the  same  physicpchemical  laws  that  govern 
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water  solutions.     The  minerals  separate  out  in  order  of  solubilitv 
rather  than  of  fusibility.     Thus  in  a  granite  composed  of  quartz, 
orthoclase,  and  biotite,  quartz,  the  most  infusible  mineral,  is  the 
last  to  separate  out. 

The  igneous  rocks  are  classified  on  the  basis  of  texture  anc 
occurrence,  mineral  components,  and  chemical  composition.  Tht 
following  table  gives  the  essential  features  of  the  commonlT 
accepted  classification.     Thus  syenite  is  a  rock  composed  essen- 
tially of  orthoclase  (it  may  have  small  amounts  of  other  mineral: 

Chemical 
composition 

Acid 

Si02, 

80-65% 

Intermediate 
SiOs,  65-52% 

Basic 
SiOs,  52-40% 

Volcanic 

Texture 

porphyritic 

Rhyollte 

Trachyte 

Andesite 

Basalt 

(rare) 

Pldtonic 
Texture 
granular 

Granite 

Syenite 

Diorite 

Gabbro 

Peridotite 

Essential 

Orthoclase 

Plagioclase 

No  feldspaa 

iiXlIierellS 

Hornblende 

Pyroxene 

Quartz 

Olivine   | 

also)  withou 
percentage, 
mixtures  of 
exist  in  nat 
are  difficult 

it  quartz,  1 
and  occur 
minerals  t. 
ure.     Roc 
to  classif 

1 

las  granul 
•s  in  deep 
tie  definite 
ks  intergrj 

ar  texture,  has  a  moderate  silic 

-seated  masses.     As  rocks  a? 

lines  of  the  classification  do  ni^ 

ade  in  all  directions  and  mac! 

There  is  good  evidence  to  show  that  some  rocks  are  the  red- 
of  a  splitting  up  of  an  original  magma  into  several  magmsj 
This  process  is  known  as  magmatic  differentiation.  These  seps 
rate  magmas  are  characterized  by  differences  in  the  minerals  >'* 
by  differences  in  the  chemical  composition.  Some  ores  such  ss 
magnetite,  ilmenite,  and  chromite  are  supposed  to  have  originate 
in  this  way.     These  ores  are  considered  to  be  ultra-basic  rockf 
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led  by  segregation  of  the  metals  from  a  large  rock  mass  while 
le  form  of  a  magma. 

8.  VOLCANIC  EXHALATIONS 

mong  the  gases  given  off  by  volcanoes  and  fumaroles  are 
),  CO2,  HjS,  SO2,  and  HCl.     These,  reacting  upon  each  other 

upon  the  minerals  of  the  surrounding  rocks,  giv-e  rise  to  such 
erals  as  sulfur,  sylvite,  sal-ammoniac,  gypsum,  sassolite 
BO3),  and  hematite,  minerals  which  crystallize  in  the  pores  of 

lava.  Hematite  is  formed  thus:  2FeClg  +  3H20=Fe203  + 
]1.  Vesuvius  is  a  prominent  locality  for  a  great  variety  of 
erals  which  have  been  formed  in  this  way. 
1  burning  coal  mines  and  coal-mine  dumps,  such  minerals  as 
ur,  sal-ammoniac,  orpiment,  and  realgar  are  sometimes 
led  by  sublimation. 

9.  PEGMATITES 

egmatites  are  dikes  or  veins  that  have  been  formed  during  the 
stages  in  the  consolidation  of  plutonic  rocks  through  the 
icy  of  mineralizers  or  dissolved  vapors.  They  probably 
esent  a  residual  mother  liquor  which  has  been  injected  into 
ires.  Among  the  characteristics  of  pegmatites  are  large 
tals,  simultaneous  crystallization  of  minerals,  variability  in 
jrent  parts  of  the  vein,  and  the  presence  of  rare  elements  and 
sual  minerals.  There  are  pegmatites  corresponding  to  most 
he  known  plutonic  rocks,  but  they  are  especially  prominent 
:ranites.  In  this  country  granite-pegmatites  are  prominent 
lew  England,  in  South  Dakota  (Black Hills),  and  in  San  Diego 
nty,  California.  The  following  are  the  characteristic  minerals 
granite-pegmatites:  quartz,  orthoclase,  albite,  muscovite, 
iolite,  tourmaline,  spodumene,  amblygonite,  topaz,  beryl, 
columbite.  In  Norway  gabbro-pegmatites  contain  apatite, 
le,  ilmenite,  hornblende,  and  wernerite.  In  southern  Nor- 
'  a  host  of  rare  minerals  has  been  found  in  the  nepheline- 
lite  pegmatites. 

27 
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10.  CLASTIC  ROCKS 

The  clastic  rocks  are  those  which  are  made  up  of  fragments  e 
preexisting  rocks,  usually  more  or  less  sorted  by  water.  The) 
may  be  distinguished  from  igneous  rock  by  their  fragmenta 
nature,  banded  appearance,  and  often  by  the  presence  of  fossik 

Tuffs  are  fragmental  igneous  rocks  formed  by  the  explosivi 
action  of  volcanoes  and  are  often  interbedded  with  lavas.  The] 
are  composed  of  angular  fragments  of  glass  and  of  rock-fras 
ments.  They  are  named  according  to  the  rock  to  which  thej 
correspond,  rhyolite-tuffs,  andesite-tuffs,  etc. 

Clays,  sand,  and  gravel  are,  in  a  geological  sense,  unconsoli- 
dated rocks.  ClajTS  are  made  up  principally  of  hydrated  silicate 
such  as  sericite  and  kaolinite,  as  well  as  of  minute  fragments  i 
quartz  and  feldspars.  The  most  prominent  mineral  of  sands  an; 
gravels  is  quartz,  but  it  may  be  accompanied  by  such  minerals  s 
feldspars,  garnet,  and  magnetite.  Locally  almost  any  mineri 
may  be  found  in  a  sand.  On  the  Hawaiian  beaches  the  sandii 
largely  olivine  from  the  decomposing  basalt. 

Shales,  sandstones,  conglomerates,  breccias,  and  limestones  ai^ 
the  common  consolidated  clastic  rocks.  They  are  consolidates 
partly  by  the  pressure  of  overlying  rocks  and  partly  by  tb 
cementing  material  which  is  usually  calcite,  quartz,  chalcedony 
or  limonite.  Shales  are  consolidated  clays  with  the  same  mineral- 
as  the  latter.  Sandstones  are  consolidated  sands  with  quart: 
as  the  prominent  mineral.  A  feldspathic  sandstone  is  called  a: 
arkose.  A  conglomerate  is  a  consolidated  gravel  made  up  o 
rounded  pebbles,  while  in  a  breccia  the  pebbles  are  moreo: 
less  angular.  Quartz  is  the  most  prominent  mineral  of  con- 
glomerates and  breccias.  Limestones  are,  as  a  rule,  due  to  tb^ 
accumulation  of  organic  remains  such  as  shell  fragments, 
crinoid  stems,  etc.,  and  have  been  comminuted  so  as  to  fornix 
calcareous  mud. 

The  clastic  rocks  are  usually  porous,  hence  percolating  solu- 
tions carrying  dissolved  mineral  matter  often  deposit  mineral? 
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3lefts,  seams,  and  other  cavities.  The  principal  secondary 
lerals  so  formed  are  calcite,  dolomite,  barite,  aragonite,  quartz, 
Icedony,  gypsum,  pyrite,  and  vivianite. 

11.  ORGANIC  DEPOSITS 

^'he  principal  example  of  a  rock  formed  by  organisms  is  lime- 
le.  Molluscs,  brachiopods,  corals,  crinoids,  and  other  animals 
•ete  calcium  carbonate  from  the  sea-water  to  form  shells  and 
er  external  skeletons.  The  calcium  carbonate  recrystallizes 
"orm  calcite  or  in  some  cases  aragonite.     Silica,  principally  in 

form  of  opal,  is  secreted  by  sponges,  radiolaria,  and  diatoms, 
bably  some  chert  is  formed  by  the  recrystallization  of  silica 
;he  form  of  chalcedony.  A  variety  of  opal  called  geyserite  is 
)  secreted  by  the  algae  of  certain  hot  springs.  Limonite  is 
ned  in  part  by  organisms.  Sulfur  is  sometimes  produced  by 
bain  bacteria  from  sulfate  bearing  waters.     Niter  is  produced 

bacteria  from  ammonia  and  other  nitrogenous  substances 
h  as  guano.  The  Chili  saltpeter  deposits  have  perhaps  been 
ned  in  this  way  and  then  have  been  recrystallized. 

12.  VEINS 

Jnder  favorable  conditions  of  temperature  and  pressure  almost 
inorganic  substances  are  soluble  in  certain  kinds  of  water.  Silica 
oluble  in  heated  alkaline  water.  Water  charged  with  carbon 
xid  will  dissolve  carbonates.  Sulfids  are  soluble  in  alkaline 
bers.  Most  veins  are  supposed  to  have  been  produced  by  the 
ming  of  narrow  fissures,  due  principally  to  faults,  and  by  the 
)sequent  filling  of  the  fissures.  Percolating  solutions  would 
)Osit  minerals  either  by  simple  concentration  or  by  reactions 
ih  other  solutions  whereby  precipitates  are  formed.  The  effect 
crystallization  would  tend  to  widen  the  vein. 
V^eins  differ  greatly  in  width  and  extent.  Some  are  known  to 
itinue  downward  for  3,000  feet.  In  the  Hartz  Mts.,  Germany, 
ns  have  been  traced  for  ten  miles,  but  these  are  exceptional 
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easee.  Veins  usually  pobbcbs  a  banded  structure  and  are  more 
or  less  symmetrical,  the  symmetry  being  due  to  the  fact  that  thf 
solutions  deposited  their  contents  equally  on  both  walls  of  thh 
fissure.  Fig.  590  illustrates  a.  symmetrical  vein  from  Freiberg. 
Fig.  591  is  a  drawing  of  a  tin-stone  vein  from  Zinnwald.  .1 
broad  zone  of  rock  with  narrow  more  or  less  parallel  anasto^l<l^- 
ing  veins  is  known  as  a  lode,  though  some  writers  use  lode  as  s 
synonym  of  vein. 


The  principal  gangue  minerals  of  veins  are  quartz,  calcitt 
dolomite,  siderite,  rhodochrosite,  fluorite,  and  barite.  Tin 
principal  ore  minerals  are  pyrite,  chalcopyrite,  sphalerite 
galena,  arsenopyrite,  tetrahedrite,  argentite,  ruby  silvers,  ani. 
gold. 

The  exposed  oxidized  portion  of  a  vein  or  lode  is  known  as  a 
gossan  or  "iron-hat."  Gossans  are  usually  more  or  less  celluia: 
rusty  outcrops  which  extend  to  varying  depths.  The  mineral^ 
of  a  gossan  are  mostly  secondary  and  are  usually  oxidation 
products  of  the  original  sulfids  of  the  vein.  Among  the  promi- 
nent minerals  may  be  mentioned  limonite,  hematite,  cerussilf. 
anglesite,  malachite,  azurite,  cuprite,  copper,  chrysocoUa,  smitb- 
sonite,  calamine,  cerargyrite,  silver,  and  gold.  There  is  often  a 
concentration  of  the  precious  metals  in  the  gossan. 
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1  a  zone  between  the  gossan  and  the  unaltered  sulfids  such 
Brals  as  chalcocite,  covellite,  bornite,  and  the  ruby  silvers  are 
a  found.  This  deposit  constitutes  a  zone  of  secondary  stilfid 
chment  and  results  from  reactions  between  the  sulfates  of 
gossan  (in  solution)  and  the  unaltered  sulfids  below. 

13.  SPRING,  LAKE,  AND  SEA  DEPOSITS 

alcareous  tufa  and  travertine  are  banded  deposits  of  calcium 
lonate  formed  around  springs  and  in  limestone  caverns  as  the 
It  of  the  evaporation  of  carbonated  water  holding  calcium 
►onate  in  solution.  Cave-deposits  such  as  stalactites  and 
xgmites  belong  to  the  same  category. 

he  evaporation  of  ocean  water  in  closed  inland  seas  gives  rise 
eds  of  rock-salt,  gypsum,  and  anhydrite  and  in  exceptional 
s  as  at  Stassfurt,  Germany,  to  such  minerals  as  carnallite  and 
halite.  Sylvite  and  kainite  are  secondary  minerals  in  the 
.sfurt  deposits. 

he  borax  and  soda  lakes  of  the  arid  regions  of  California  and 
ada  furnished  on  evaporation  borax,  ulexite,  hanksite,  the- 
lite,  and  similar  minerals.  The  source  of  the  boracic  acid  is 
uown.  Among  other  minerals  formed  in  the  lakes  of  arid 
Dns  are  trona  from  Owens  Lake,  California,  mirabilite  from 
it  Salt  Lake,  Utah,  and  epsomite  from  lakes  in  Albany 
nty,  Wyoming. 

14.  METAMORPHIC   ROCKS 

3rtain  prominent  rocks  which  will  not  fall  in  any  of  the  pre- 
ng  divisions  are  called  metamorphic  rocks.  They  are  usually 
e  or  less  banded  crystalline  rocks  which  have  been  formed 
1  igneous  or  sedimentary  rocks  by  recrystallization  due  either 
he  heat  of  an  igneous  intrusion,  or  to  the  pressure  resulting 
1  mountain-making. 

he  metamorphism  due  to  igneous  intrusion  is  called  contact 
amorphism  because  the  effects,  though  often  striking,  are 
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confined  to  the  immediate  vicinity  of  the  intruded  mass.    By  ' 
tact  metamorphism  an  impure  siliceous  limestone  beconir 
.crystalline   limestone   with   new  silicate  minerals.     Shales  ^ 
changed  to  a  dark  compact  rock  called  hornfels.   BituminoiL* 
or  lignite  may  be  changed  to  anthracite  or  even  to  coke. 

Contrasted  with  contact  metamorphism  is  regional  metaiQ 
phism  by  which  rock-masses  over  large  areas  are  affected, 
regional  metamorphism  shales  become  slates;  limestones,  marr- 
sandstones,  quart zites;  while  schists  and  gneisses  are  prodi? 
from  various  kinds  of  rocks. 

Schists  or  finely  laminated  metamorphic  rocks  contain  i 
covite,  biotite,  chlorite,  hornblende,  actinolite,  glaucopb 
talc,  quartz,  and  garnet.  They  are  named  according  to  a  pr : 
nent  constituent  as  hornblende  schist,  chlorite  schist,  etc. 

Gneisses  are  coarsely  banded  rocks  grading  into  the  scbi 
They  contain  the  same  minerals  as  the  schists  except  that 
feldspars  are  more  prominent. 

Quartzites  are  metamorphic  sandstones  with  a  firm  silice 
cement  of  quartz  or  chalcedony  so  that  on  fracture  the  grains 
broken  through  as  well  as  the  cement. 

Slates  are  dark-colored,  fine-grained  metamorphic  r: 
derived  from  shales.  New  rock  cleavage,  which  has  no  relai 
to  the  original  bedding  plane,  has  been  developed  and  is  ea] 
slaty  cleavage.  The  minerals  of  slates,  as  far  as  they  ca: 
recognized,  are  quartz,  chlorite,  muscovite,  pyrite,  and  andald 
The  dark  color  is  due  to  carbonaceous  matter. 

Crystalline  limestones  are  developed  from  ordinary  limes:- 
by  metamorphism.  If  the  original  limestone  was  pure  r 
simply  a  case  of  recrystallization,  large  anhedra  of  calcite  c: 
forming.  The  characteristic  minerals  of  crystalline  limest 
are  calcite,  woUastonite,  garnet,  vesuvianite,  graphite,  and  d'. 
side.  In  the  dolomitic  or  magnesian  limestones  calcite,  dolon. 
tremolite,  phlogopite,  chondrodite,  graphite,  and  spinel  • 
found.  These  minerals  with  the  exception  of  calcite  and  t 
mite  are  formed  from  the  impurities  of  the  original  limestone. 
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srpentines  are  altered  peridotites  (basic  plutonic  igneous 
cs  composed  essentially  of  olivine  and  some  variety  of  pyrox- 
).  The  mineral  serpentine  has  been  derived  from  olivine 
Lcipally,  according  to  the  equation  2Mg2Si04  4-C02  +  2H20  = 
,H4Si20,  +  MgCOg.  The  prominent  minerals  in  serpentine  are 
ine  (original),  pyroxene  (original),  chromite,  magnetite,  mag- 
te,  hydromagnesite,  dolomite,  aragonite,  brucite,  opal,  and 
mineral  serpentine  found  in  seams  as  well  as  in  the  main  rock 

5S. 
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Mineral  Products  of  the  United  States 

(Amounts  over  $100,000  in  round  numbers  according  to  the  United  States  Geological  ^ 


1010 


1911 


1912 


19U 


Coal 

Pig  iron 

Clay  products 

Copper 

Petroleum 

Gold 

Stone 

Natural  gas 

Cement 

Lead 

Silver 

Zinc 

Sand. 

Lime 

Phosphate  rock 

Aluminum 

Salt 

Gypsum 

Mineral  waters 

Slate 

Zinc  oxid 

Sulfur 

Asphalt 

Mineral  paints 

Glass  sand 

Antimonial  lead 

Borax 

Sand-lime  brick 

Quicksilver 

Pyrite 

Talc  and  soapstone. . 

Tungsten  ores 

Grindstones 

Fibrous  talc 

Bauxite 

Feldspar 

Fluorspar 

Graphite 

Mica 

Precious  stones 

Fuller's  earth 

Oilstones,  etc 

Quartz 

Manganiferous  ores. . 

Peat 

Infusorial  earth 

Barite 

Garnet 

Miscellaneous 


Total. 


$629,557,000 

425,115,000 

170,116,000 

137,180,000 

127,896.000 

96,269.000 

76,520,000 

70,756,000 

68,752,000 

32.756,000 

30,854,000 

27,268,000 

19,521,000 

13,895,000 

10,917,000 

8,956,000 

7.900,000 

6.523.000 

6.357,000 

6.237.000 

5,325.000 

4,605,000 

3.080,000 

2.175,000 

1.517,000 

1,338,000 

1,202.000 

1,169.000 

958,000 

958.000 

864,000 

807,000 

796,000 

728,000 

716,000 

502,000 

430,000 

377.000 

337,000 

296,000 

294,000 

229,000 

194,000 

187,000 

140.000 

130,000 

122,000 

113,000 

806,000 

$2^0037745^000 
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PART  VIII 

THE  USES  OF  MINERALS 

The  magnitude  of  the  mineral  industry  of  this  country  may  be 
appreciated  by  a  perusal  of  the  table  on  the  opposite  page,  giv- 
ing the  value  of  the  mineral  products  for  the  year  1910  (blank 
spaces  are  provided  for  subsequent  years) .  The  total  value 
reaches  a  little  over  two  billion  dollars. 

In  this  discussion  of  economic  mineralogy  the  minerals  are 
grouped  in  three  classes:  (A)  Those  used  in  the  natural  state 
(after  concentration  if  necessary),  (B)  those  used  for  the  extrac- 
tion of  metals  and  alloys,  and  (C)  those  used  in  the  chemical 
industries.  Under  the  various  heads  the  chief  minerals,  the 
producing  localities,  the  treatment,  uses,  and  production  .are 
given.  Coal,  petroleum,  gas,  clay  products,  cement,  and  stone 
are  not  treated  as  they  are  not  definite  minerals. 

A.  MINERALS  USED  IN  THE  NATURAL  STATE 

The  minerals  used  in  the  natural  state  are  discussed  in  the 
following  order:  Precious  stones,  ornamental  stones,  abrasives, 
refractory  materials,  glass,  porcelain,  and  pottery,  paints  and 
graphic  materials,  fertilizers,  fluxes,  lubricants,  paper-making 
materials,  plaster,  mica,  and  sulfur. 

1.  PRECIOUS  STONES 

The  qualities  that  make  minerals  valuable  as  precious  stones 
are  color,  luster,  dispersion,  and  hardness.  Precious  stones  are 
sold  by  the  carat,  which  is  equal  to  about  205  milligrams.  The 
proposed  metric  carat  is  200  milligrams. 

463 
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The  four  great  gems  that  rank  above  all  the  others  are  dia- 
mond, emerald,  ruby,  and  sapphire. 

Diamond.  Diamonds  were  first  obtained  in  India,  and  later 
Brazil  furnished  the  main  supply,  but  in  recent  years  the  Kim- 
berley  mines  in  South  Africa  have  supplied  about  95  per  cent,  of 
the  total  output  of  the  world.  In  South  Africa  diamonds  occur 
in  a  peculiar  serpentine  breccia  known  as  "blue  ground,"  which 
fills  what  appears  to  be  volcanic  necks.  The  diamond  bearing 
rock  is  allowed  to  weather  for  some  time  and  then  the  material  is 
concentrated  by  means  of  greased  shaking  tables,  the  diamonds 
alone  adhering. 

In  Brazil,  India,  and  most  other  localities,  diamonds  occur  in 
alluvial  sands  and  gravels.  In  the  United  States  diamonds  have 
been  found  in  the  glacial  drift  of  Wisconsin,  Michigan,  and 
Illinois  and  in  placer-deposits  in  California  and  North  Carolina. 

Recently  diamonds  have  been  discovered  in  Pike  County. 
Arkansas,  in  a  decomposed  peridotite  somewhat  like  that  of 
South  Africa.  About  a  thousand  stones  in  all  have  been  found 
and  some  of  them  are  of  very  fine  quality. 

£merald  is  a  deep  green  variety  of  beryl.  A  flawless  emerald  is 
very  rare  and  commands  a  far  higher  price  than  a  diamond,  a 
one-carat  stone  bringing  over  $1000.  Colombia,  South  America, 
is  the  principal  locality  for  the  emerald. 

Ruby  is  a  deep  red  variety  of  corundum  and  like  the  emerald  is 
considered  more  valuable  than  the  diamond.  A  few  have  been 
found  in  North  Carolina,  but  the  finest  ones  come  from  Burma. 

Sapphire  is  the  blue  transparent  variety  of  corundum.  Ceyloc 
and  Siam  have  furnished  the  principal  supply,  but  they  have  also 
been  found  at  several  localities  in  North  Carolina  and  Mon- 
tana. At  Yogo  Gulch,  Montana,  sapphires  and  other  varieties 
of  corundum  occur  disseminated  through  a  dike  of  basic  igneous 
rock,  which  is  exposed  on  the  surface  for  over  four  miles. 

Varieties  of  corundum  other  than  ruby  and  sapphire  are  dis- 
tinguished by  the  prefix  oriental.  Thus  oriental  emerald  is 
green  corundum  and  oriental  amethyst,  purple  corundum,  etc. 
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Spinel.  An  intense  red  variety  known  as  ruby-spinel  is  the 
principal  one  used  as  a  gem.     It  is  found  in  Ceylon  and  Burma. 

Hiddenite  is  an  emerald  green  variety  of  spodumene  found  in 
North  Carolina. 

Kunzite  is  a  lilac  colored  variety  of  spodumene  found  in  the 
pegmatites  of  San  Diego  Co.,  Cal.  It  was  named  in  honor  of  Dr. 
George  F.  Kunz,  the  leading  gem  expert  in  this  country. 

Tourmaline.  Pink,  red,  and  green  varieties  of  tourmaline 
suitable  for  gems  are  found  in  San  Diego  Co.,  Cal.,  and  in  Maine 
and  Connecticut.  They  occur  in  pegmatites  associated  with 
beryl,  topaz,  and  kunzite. 

Chrysoberyl.  There  are  several  varieties  used  as  gems,  the 
cat's-eye  with  opalescent  striations,  and  alexandrite,  which  is 
green  by  daylight  and  red  by  artificial  light. 

Zircon.  Zircon  occurs  in  a  variety  of  colors  and  some  are  used 
as  gems.  The  red  and  orange  varieties  are  called  hyacinth  and 
the  colorless,  smoky,  or  yellowish  varieties,  jargon.  They  are 
found  in  the  gem-bearing  gravels  of  Ceylon. 

Garnet.  Both  pyrope  and  almandite  are  used  as  gems  as  well 
as  some  rare  varieties.  A  purplish-red  variety  known  as  rhodo- 
lite occurs  in  North  Carolina.  The  ordinary  gem  garnet  is 
pyrope.  .  It  is  extensively  mined  in  Bohemia. 

Turquois.  The  best  quality  of  turquois  is  obtained  from 
Persia,  but  at  present  the  United  States  furnishes  the  principal 
supply.  Turquois  is  found  in  the  Los  Cerillos  Mts.  and  the 
Burro  Mts.  of  New  Mexico  and  also  at  various  localities  in  Arizona 
and  California. 

Topaz  is  found  in  the  Urals,  in  Brazil,  in  the  Thomas  Mts., 
Utah,  and  in  San  Diego  Co.,  California. 

Beryl.  Besides  emerald  the  gem  varieties  include  golden  beryl, 
pink  beryl,  and  aquamarine,  a  pale  bluish-green  stone.  Pink 
beryl  and  aquamarine  are  found  in  San  Diego  Co.,  California. 
Rose  colored  beryl  of  gem  quality  recently  found  in  Madagascar 
has  been  named  morganite. 

Olivine.     The  gem  variety  is  known  as  peridot.    Peridot  has 
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been  found  at  several  localities  in  northern  Arizona,  occurring 
a  peridotite. 

Opal.  Precious  opal  is  found  in  New  South  Wales  and 
Hungary  and  fire-opal  in  Mexico.  At  all  of  these  localities  < 
occurs  as  a  secondary  mineral  in  volcanic  rocks. 

Minor  Gems.  Among  minor  gems  may  be  mentioned  epid' 
lapis-lazuli,  moonstone  (a  variety  of  feldspar),  iolite,  diop^:: 
vesuvianite,  andalusite,  cyanite,  staurolite,  axinite,  benit* 
and  numerous  varieties  of  quartz  and  chalcedony  such  as  £: 
thyst,  rose  quartz,  smoky  quartz  (called  smoky  topaz),  chry 
prase,  moss-agate,  and  bloodstone. 

Domestic  Production  of  Precious  Stones.  The  product ioi 
precious  stones  in  the  United  States  for  1910  amounted 
$296,000,  in  the  following  order:  turquois  ($86,000),  sappl 
($53,000),  tourmaline  ($46,000),  kunzite  ($33,000)  variscitt 
hydrous  phosphate  of  aluminum  from  Utah  ($26,000),  chr- 
prase  ($9,000),  and  calif ornite  ($8,000). 

Contrast  this  amount  with  the  imports  into  the  United  Stii 
which  amounted  in  1910  to  about  $43,000,000,  mostly  diamori 

2.  ORNAMENTAL  STONES 

The  following  minerals  are  used  extensively  for  vases,  taH 
tops,  mantels,  and  other  interior  decorations.  j 

Jade  is  a  valuable  ornamental  stone,  consisting  either  d 
variety  of  actinolite  or  tremolite  called  nephrite  or  of  a  di:?tfl 
mineral  of  the  pyroxene  group  called  jadeite.  It  is  a  conipsj 
very  tough  material  of  a  green  color  and  is  highly  prized  by :' 
Chinese.  Jade  has  not  been  found  in  this  country,  but  a  relal 
substance  called  califomitei  a  compact  variety  of  vesuviara 
has  been  discovered  at  several  localities  in  California.  The  p] 
duction  of  californite  in  1910  was  about  $8,000.  ; 

Serpentine,  a  compact  mottled  or  streaked  rock  of  varil 
shades  of  green  is  used  for  mantels,  wainscotings,  and  the  9 
It  is  quarried  in  Vermont,  Pennsylvania,  and  Washington. 
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lalachite  from  the  Urals  is  used  extensively  in  Russia. 

^odonite,  also  from  the  Urals,  is  a  favorite  ornamental  stone 
Russia. 

apis-lazuli,  a  mixture  of  lazurite,  calcite,  pyrite,  amphibole, 
[  diopside,  found  in  Persia,  India,  and  other  localities  is  a  much 
led  ornamental  stone  known  in  ancient  times. 
[exican  onyx  or  onyx  marble  is  a  banded  variety  of  calcite 
ragonite  formed  from  water  solutions.  Mexican  onyx  is  found 
Lrizona  and  California,  but  the  principal  supply  comes  from 
:ico.  It  is  used  for  interior  decorations  such  as  soda  fountains. 
labaster  is  a  translucent  variety  of  gypsum  used  for  statuary, 
alabaster  of  antiquity  was  onyx  marble, 
iarble  exceeds  all  the  other  ornamental  stones  in  amount  and 
le.  It  is  quarried  principally  in  Vermont  and  Tennessee, 
igh  large  deposits  are  known  in  other  states. 
3rde-antique  or  ophicalcite  is  crystalline  limestone  with  mot- 
^s  or  streaks  of  serpentine.  Vermont  is  the  principal  source. 
lalcedony.  Silicified  wood  is  made  into  polished  slabs  for 
3-tops. 

3.  ABRASIVES 

^rundum.  Canada  is  the  principal  producer  of  corundum, 
le  vicinity  of  Craigville,  Ontario,  corundum  occurs  in  syenite, 
rock  is  crushed  and  the  impurities  removed  by  washing  and 
ring.  North  Carolina  and  Georgia  have  been  the  only  domes- 
roducers.  The  domestic  production  in  1910  together  with 
of  emery  amounted  to  only  1,000  short  tons,  valued  at 
100. 

lery  is  an  intimate  mechanical  mixture  of  corundum  and 
letite  or  hematite,  sometimes  also  with  spinel.  Emery  is 
ned  chiefly  in  Asia  Minor,  and  on  the  island  of  Naxos  in  the 
an  Archipelago.  Chester,  Massachusetts,  and  Peekskill,  New 
,  have  produced  some  emery. 
rnet  as  an  abrasive  is  mined  principally  in  Warren  County, 
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New  York.  It  is  crushed  and  used  as  garnet  sand-pape: 
dressing  wood  and  leather.  In  1910  the  domestic  produt: 
was  3,800  short  tons,  valued  at  $113,000. 

Quartz.     Crystalline  vein  quartz  is  used  in  various  indust; 
as  an  abrasive  material. 

Diamond.     Diamond  powder  is  used  as  abrasive  in  cutting  i 
polishing  gems. 

A  black,  almost  opaque  variety  of  diamond  called  carbonadc 
the  most  valuable  abrasive  known.  It  is  used  extensivel) 
diamond  drills.  A  large  well-set  diamond  drill  is  worth  ai 
$10,000.  Carbonado  is  found  only  in  Bahia,  Brazil,  as  a  conr 
uent  of  sands  and  gravels.  It  is  harder  than  the  gem  diam 
and  is  worth  as  much  per  carat. as  the  ordinary  straw  ye. 
diamond. 

Other  Abrasives.  Among  other  abrasives  are  whetstones  :1 
grindstones  in  the  production  of  which  Ohio  leads;  raillstone?:: 
buhrstones  used  in  grinding  cereals,  paints,  and  other  mineral  r 
ducts;  diatomaceous  earth,  a  porous  material  composed  of 
siliceous  remains  of  diatoms;  volcanic  ash,  a  fine  commini 
natural  glass;  tripoli,  a  decomposed  chert  found  in  southwe.<* 
Missouri;  flint-pebbles,  used  in  tube-mills  for  fine  grinding  of  * 

Artificial   abrasives   include   carborundum,   a   silicon  car 
Sic,  made  in  the  electric  furnace  at  Niagara  Falls,  by  fu-i 
together  silica,  coke,  and  sawdust,  and  aliindum,  artificial  AL 
made  in  the  electric  furnace  from  bauxite. 

4.  REFRACTORY  MATERIALS 

The  following  minerals  are  used  as  furnace  linings,  covi' 
for  boilers  and  steam-pipes,  and  as  fire-proof  building  mater 

Asbestos.  There  are  two  different  minerals  known  as  asbe-' 
one  a  fibrous  tremolite  and  the  other  fibrous  serpentine  or « - 
sotile.  The  chrysotile  is  the  stronger  of  the  two,  but  hr 
shorter  fiber.  Asbestos  is  either  used  by  itself  or  mixed  • 
magnesia,  saw  dust,  Portland  cement,  etc.,  and  is  made  into  r 
cloth,  boards,  and  blocks.   Canada  leads  in  the  production  c: 
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bestos.  Georgia  is  the  principal  domestic  producer.  In  1910  the 
production  in  the  United  States  amounted  to  3700  short  tons 
valued  at  $68,000.  The  imports,  on  the  other  hand,  amounted 
to  about  a  million  dollars. 

Talc.  The  massive  variety  known  as  steatite  or  soapstone  is 
sawed  into  slabs  and  used  for  stove-linings,  washtubs,  switch- 
boards, laboratory  tables,  etc.  Virginia  is  the  principal  pro- 
ducer. In  19l0  the  domestic  production  was  79,000  short  tons 
valued  at  $864,000. 

Graphite  is  used  in  the  manufacture  of  crucibles,  being  mixed 
with  clay  and  sand.  Austria  and  Ceylon  lead  in  the  production. 
In  1910  the  domestic  production  was  51,000  short  tons  valued 
at  $377,000.     The  imports  were  about  six  times  that  amount. 

Diatomaceous  earth  is  a  good  non-conductor  of  heat  on  ac- 
3ount  of  its  porous  nature. 

Chromite,  calcined  magnesite,  and  bauxite  are  used  in  the  manu- 
facture of  bricks  for  furnace  linings. 

6.  GLASS,  PORCELAIN,  AND  POTTERY 

The  minerals  mentioned  are  used  either  for  the  body  of  the 
ivare  or  for  the  glaze. 

Feldspar.  Orthoclase  or  microcline  is  used  in  the  manufacture 
3f  porcelain  and  china  ware.  It  is  obtained  principally  from  peg- 
matites in  Maine,  Pennsylvania,  and  Connecticut.  The  domestic 
production  in  1910  was  81,000  short  tons  valued  at  $502,000. 

Quartz  is  mixed  with  feldspar  in  the  manufacture  of  porcelain, 
[t  is  obtained  in  pegmatites  along  with  feldspar. 

Glass  Sand.  Sand,  or  sandstone  nearly  free  from  iron,  is  used 
n  the  manufacture  of  glass,  the  other  constituents  being  soda- 
ish  and  limestone.  Pennsylvania  leads  in  the  production.  In 
1910  the  domestic  production  was  1,461,000  short  tons  valued  at 
tl,517,000. 

Fluorite  is  used  to  some  extent  in  the  manufacture  of  opalescent 
ylass  and  enamel. 

Halite  furnishes  the  glaze  of  pottery. 
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Clays  are  used  extensively  in  the  manufacture  of  pot:t 
Pottery  to  the  value  of  $33,784,000  was  produced  in  the  Uni: 
States  in  1910. 

6.  PAINTS  AND  GRAPHIC  MATERIALS 

Graphite  is  used  in  the  manufacture  of  lead  pencils,  being  mi: 
with  clay  to  form  various  grades  of  hardness;  also  as  stove  pr 
and  as  an  exterior  paint. 

Hematite.  The  Clinton  iron  ore  and  other  varieties  of  he: 
tite  made  into  metallic  paint  are  used  for  bridges,  roofing,  etc 

Ocher,  umber,   and  siemia   are  earthy  varieties  of  limti. 
and  hematite  mixed  with  clay  and  other  impurities.     They 
washed,   floated,  ground,  and  sometimes  roasted,  producic 
variety  of  colors.     In  1910  the  domestic  production  was  13. 
short  tons  valued  at  $139,000. 

Barite,  finely  ground  and  floated,  is  extensively  used  as  a  i 
of  paint  and  also  as  an  adulterant  of  white  lead.     The  lea-, 
supply  comes  from  southeastern  Missouri.     In  1910  the  dome 
production  was  43,000  short  tons  valued  at  $122,000. 

Talc  and  pyrophyllite  are  used  as  tailor's  chalk,  crayons, ; 
slate  pencils. 

7.  FERTILIZERS 

Nitrates,  phosphates,  and  potassium  are  essential  to  ;• 
growth,  hence  the  use  of  the  following  minerals  to  replenish  t: 
constituents  in  soils. 

Apatite.  In  Norway  and  Canada  extensive  deposits  of  ap.. 
occur  and  are  mined  to  some  extent.  In  the  United  States :. 
tite  is  recovered  as  a  by-product  in  the  magnetic  separatir: 
magnetite  in  the  iron-ore  at  Mineville,  N.  Y. 

Phosphate  Rock.     The  impure  calcium  phosphate  know: 
phosphate  rock  is   mined   principally  in  the  southern  st: 
Florida,  Tennessee,  and  South  Carolina  being  the  leading 
ducers.     According    to    the    occurrence    the    phosphates 
classed  as  hard  rock,  land  pebble,  and  river  pebble.    TheK 
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3nt  discoveries  of  extensive  deposits  of  phosphate  rock  in  the 
a  where  Idaho,  Wyoming,  and  Utah  join.  It  occurs  as  a 
k  colored  oolitic  rock  interbedded  with  shales,  sandstones, 
I  limestones  of  Upper  Carboniferous  age.  To  render  the  phos- 
ite  available  for  plant  food  phosphate  rock  must  be  treated 
h  sulfuric  acid.  This  is  the  principal  use  of  sulfuric  acid.  The 
nestic  production  in  1910  was  2,655,000  long  tons  valued  at 
1,917,000.  In  the  world's  production  the  United  States  is 
t,  followed  by  Tunis. 

^otassium  salts  used  as  fertilizers  are  obtained  from  Stass- 
t,  Germany.  The  principal  minerals  used  are  kainite  and 
nallite. 

i'itrates.  The  chief  source  of  nitrates  is  sodium  nitrate  or 
Ji  saltpeter  from  the  desert  regions  of  northern  Chili,  where 
re  are  extensive  deposits. 

Norwegian  saltpeter  or  calcium  nitrate  is  now  made  by  fixing 
nitrogen  of  the  air.  Nitric  oxid  formed  at  the  high  tempera- 
e  of  the  electric  arc  is  passed  into  calcium  hydroxid  solution 
i  calcium  nitrate  is  the  result.  Calcium  cyanamid,  CaCNj,  is 
)ther  compound  with  available  nitrogen  that  is  made  from  the 
Nitrogen,  made  either  by  the  fractional  distillation  of 
aid  air  or  by  passing  air  over  heated  copper,  is  heated  with 
cium  carbid  to  a  temperature  of  1100°  C,  when  calcium  cyan- 
id  is  the  result.  Calcium  nitrate  and  cyanamid  plants  are 
ated  in  Norway,  Italy,  and  Dalmatia  at  localities  where  cheap 
ctric  power  can  be  generated  by  waterfalls. 
\.inmonium  sulfate,  a  by-product  in  the  manufacture  of  coal- 
},  is  also  a  valuable  fertilizer. 

Typsum  or  land  plaster  is  used  as  a  fertilizer,  especially  in  arid 
;ions  to  neutralize  black  alkali  or  sodium  carbonate. 

8.  FLUXES 

[n  smelting  ores  it  is  necessary  to  add  certain  constituents  to 
p  in  the  reduction  and  to  combine  with  impurities  to  form 
ible  slags. 

28 
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Limestone  is  the  principal  flux  used  in  this  countn^  1 
used  with  siliceous  ores  of  various  kinds  and  also  with  iron  ov 

Fluorite  is  a  valuable  flux,  especially  in  iron-smelting  aci 
foundry  work.  Southern  Illinois  and  western  Kentucky : 
nish  the  principal  supply.  In  1910  the  domestic  productioc' 
69,000  short  tons  valued  at  $430,000.  A  good  deal  of  he 
is  imported  from  England. 

Quartz.  Silica  in  the  form  of  quartzite  or  low  grade  silicr 
ores  is  used  as  an  acid  flux  with  basic  ores. 

Manganiferous  iron-ores  are  used  as  a  flux  in  some  smeli' 
Leadville,  Colorado,  has  supplied  a  notable  amount. 

9.  LUBRICANTS 

Graphite,  talc  and  mica  are  the  principal  lubricants  usee 
machinery.  Their  value  lies  in  their  foliated  character,  in : 
ability  to  stand  high  temperatures,  and  in  the  fact  that  the; 
in  irregularities. 

10.  PAPER-MAKING  MATERIALS 

Barite,  magnesite  (calcined),  clay,  and  fibrous  talc  are  uk 
paper-making.  Fibrous  talc  is  especially  desirable  on  accou: 
the  strength  that  the  fibers  impart  to  paper.  This  prc-c 
called  agalite,  is  mined  extensively  in  St.  Lawrence  Co.,  ^ 
In  1910  the  domestic  production  was  71,700  short  tons  value 
$728,000. 

11.  PLASTER 

Gypsum  is  now  used  principally  in  the  manufacture  of  pb 
The  rock  gypsum  is  finely  ground,  calcined  so  as  to  drive- 
part  of  the  water,  and  then  ground  again.  Various  u: 
substances  such  as  glue,  hair,  or  fine  wood  shavings,  called  r 
ders  are  added  to  prevent  quick  setting.  Plaster  is  CaS04}>'^^ 
but  on  mixing  with  water  and  setting,  it  becomes  gy; 
(CaS04-2H,0)  again. 
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le  United  States  and  France  are  the  world's  principal  pro- 
ps of  gypsum.  In  the  United  States  the  states  in  order  of 
uction  are  New  York,  Iowa,  Michigan,  and  Oklahoma.  The 
3stic  production  in  1910  was  2,239,000  short  tons  valued  at 
23,000. 

12.  MICA 

irge  quantities  of  mica  are  used  as  an  insulating  material  in 
electrical  industry.  There  are  many  minor  uses.  India, 
ida,  and  the  United  States  rank  first  in  the  production  of 
,.  North  Carolina  and  South  Dakota  furnish  the  principal 
estic  supply  which  in  1910  amounted  to  2,476,000  pounds  of 
b  mica  and  4,000  short  tons  of  scrap  mica,  together  valued  at 
,000. 

13.  SULFUR 

le  world's  principal  supply  of  sulfur  is  derived  from  Sicily, 
lie  United  States  the  largest  deposit  is  a  bed  of  sulfur  over 
feet  thick  in  Calcasieu  Parish,  Louisiana.  On  account  of  the 
julty  of  sinking  a  shaft  the  sulfur  is  obtained  by  forcing 
rheated  steam  down  one  pipe  and  pumping  the  molten  sulfur 
irough  another  pipe.  Utah  and  Wyoming  also  produce  some 
ir.  In  1910  the  domestic  production  was  255,000  long  tons 
ed  at  $4,605,000.  At  present  only  a  small  amount  of  sulfur 
iported. 

B.  MINERALS  USED  FOR  THE  EXTRACTION  OF 

METALS  AND  ALLOYS 

14.  ALUMINUM 

lief  Mineral.     Bauxite. 

roducing  Localities.  The  United  States  leads  in  the  produc- 
pf  bauxite.  The  states  in  order  are  Arkansas,  Georgia,  and 
)ama. 
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Treatment.  An  electrolytic  method  is  used.  The  mineral  b 
first  heated  with  sodium  carbonate.  Then  carbon  dioxid  t 
introduced  and  forms  aluminum  hydroxid,  which  on  heatinj 
gives  aluminum  oxid.  The  metal  is  obtained  by  the  electrolysi: 
of  the  oxid  in  a  bath  of  cryolite  which  protects  the  metal  froc 
the  air. 

Uses.  Aluminum  has  many  uses;  wire  for  transmission  o: 
electricity,  cooking  vessels,  in  various  alloys  such  as  aluminun 
bronze.  A  mixture  of  powdered  aluminum  and  iron  oxid  with  tlii 
trade  name  "thermit''  is  used  for  welding  rails,  crank  shaft? 
etc.,  and  for  the  extraction  of  such  metals  as  tungsten,  titaniun 
etc.,  from  their  ores. 

Production.  The  domestic  production  of  aluminum  in  191(i 
47,734,000  pounds  valued  at  $8,956,000. 

15.  ANTIMONY 

Chief  Minerals.     Stibnite. 

Producing  Localities.  France  leads  in  the  production  of  anti- 
mony. There  are  antimony  deposits  in  Utah,  Arkansas,  Nevac 
and  California,  but  the  domestic  production  in  1910  was  nil. 

Treatment.  The  ore  is  fused  with  scrap  iron  and  the  impu^ 
metal  called  regulus  is  obtained  which  must  be  refined,  t 
smelting,  antimonial  lead  is  produced  and  this  is  often  made  in: 
type-metal  directly. 

Uses.  Antimony  is  used  principally  in  the  manufacture  ^^ 
alloys  such  as  type-metal.  Babbitt  metal,  and  Britannia  metal. 

Production.  The  domestic  production  of  antimonial  lead  fc: 
1910  was  14,000  short  tons  valued  at  $1,338,000. 

16.   BISMUTH 

Chief  Minerals.     Bismuth  and  bismuthinite. 

Producing  Localities.  Bolivia  stands  first  in  the  production  i-: 
bismuth.  The  production  in  the  United  States  is  very  slight.  In- 
former years  Leadville,  Colorado,  furnished  some  bismuth. 
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•  ses.     Bismuth  is  used  principally  in  the  manufacture  of 
y  fusible  alloys. 

17.  COPPER 

lief  Minerals.  Copper,  chalcocite,  chalcopyrite,  bornite, 
ite,  malachite,  azurite,  and  copper-bearing  pyrite. 
•oducing  Localities.  The  United  States  leads  in  the  produc- 
.  of  copper,  its  output  being  greater  than  the  rest  of  the  world 
bined.  The  three  great  copper  producing  states  in  order  are 
ona,  Montana,  and  Michigan,  but  Utah  and  California  also 
luce  notable  amounts.  In  Arizona  there  are  four  important 
'icts:  Bisbee,  Clifton-Morenci,  Jerome,  and  Globe.  The 
ized  ores  malachite,  azurite,  and  cuprite  were  formerly  the 
cipal  ores  in  Arizona,  but  now  the  sulfids  are  more  important, 
[ontana  the  mines  around  Butte  produce  chalcocite,  bornite, 
enargite.  In  Michigan  the  ore  is  native  copper  disseminated 
ugh  conglomerates  and  amygdaloids  and  runs  less  than  2 
cent,  in  copper. 

'eatment.     The  native  copper  of  Michigan  is  crushed  and 
•entrated  and  the  concentrates  treated  with  limestone  and 
in  a  reverberatory  furnace. 

tie  oxidized  ores  are  smelted  in  the  blast  furnace  with  coke 
the  proper  fluxes. 

ilfid  ores  are  first  roasted.  Then  on  fusion  in  a  reverberatory 
ace  a  sulfid  of  copper  and  iron  containing  about  50  per  cent. 
:)er  (called  matte)  is  formed.  The  molten  matte  is  treated  in 
averter  in  which  fine  streams  of  air  drive  off  the  sulfur  and  the 
It  is  blister  copper,  which  contains  about  98,5  per  cent,  of 
)er.  Most  of  the  copper  except  that  from  Michigan  (called 
e  copper)  is  refined  electrolytically. 

ses.  Copper  is  used  principally  in  the  electrical  industry  and 
le  manufacture  of  alloys  such  as  brass,  bronze,  and  German 
jr. 

rodtiction.  In  1910  the  domestic  production  was  1,080,159,- 
pounds  valued  at  $137,180,000. 


476         INTRODUCTION  TO  THE  STUDY  OF  MINERALS 

18.  GOLD 

Chief  Minerals.     Gold,  calaverite,  and  sylvanite. 

Producing  Localities.  The  countries  of  the  world  in  order  oi 
their  production  are  Transvaal,  United  States,  Australia,  Russii 
and  Mexico.  The  states  in  order  are  Colorado,  Alaska,  California 
Nevada,  and  South  Dakota. 

Gold  is  found  mainly  in  two  kinds  of  occurrences :  in  quan 
veins  with  pyrite  and  other  sulfids,  and  in  placers  along  with  otk 
heavy  minerals. 

Treatment.  Gold-bearing  quartz  is  crushed  in  stamps  and  tfe 
gold  caught  on  copper  plated  with  mercury .  The  amalgam  forme 
is  removed  at  intervals  and  retorted.  The  residues  were  former!; 
treated  with  chlorin  formed  by  the  action  of  manganese  dioxii 
and   sulfuric  acid  on  salt  which  dissolved  the  gold  as  chlorid. 

The  chlorination  process  is  now  replaced  by  the  cyanide  proce 
by  means  of  which  very  low  grade  ores  may  be  treated.  A  wed 
solution  of  potassium  cyanid  percolates  through  the  finely  divide 
ore  and  dissolves  the  gold,  which  is  later  precipitated  by  zit 
shavings. 

Placer  gold  found  in  superficial  deposits  of  sand,  gravel,  and  cot 
glomerate,  which  are  derived  by  the  breaking  down  of  pre-exk 
ing  rocks  with  quartz  veins,  are  worked  by  hydraulic  mining,  b' 
dredging,  by  drifting,  or  by  surface  placers.  The  gold  is  collected 
by  amalgamation. 

Gold  is  also  obtained  from  base  bullion  derived  from  mixe 
ores,  and  in  the  electrolytic  refining  of  copper. 

Production.  In  1910  the  domestic  production  was  4,657,0(^ 
troy  ounces  valued  at  $96,269,000  (coining  value).  The  worki' 
production  for  1908  was  $443,400,000. 

19.  IRON 

Chief  Minerals.     Hematite,  limonite,  and  magnetite. 

Producing  Localities.  The  United  States  leads  in  the  produc- 
tion of  pig  iron,  while  Germany  is  second  and  Great  Britain  thini. 
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The  most  important  locality  in  this  country  is  the  Lake 
Superior  district  comprising  the  Mesabi,  Vermilion,  and  Cuyuna 
ranges  of  Minnesota,  the  Menominee  and  Gogebic  ranges  of 
Michigan  and  Wisconsin,  and  the  Marquette  and  Crystal  Falls 
range  of  Michigan.  Of  these  the  Mesabi  range  is  the  most  impor- 
tant producer.  About  a  hundred  mines  in  the  Lake  Superior 
district  each  produce  annually  100,000  tons  or  over  of  iron  ore.  Of 
states,  Minnesota  is  in  the  lead,  producing  just  about  as  much  as 
all  of  the  rest  of  the  United  States  combined.  The  Hull  Rust 
Mine  at  Hibbing,  Minn.,  produced  3,190,000  long  tons  of  iron  ore 
in  the  year  1910.  In  the  Lake  Superior  region  hematite  is  the 
important  ore  mineral. 

The  next  most  important  district  is  that  of  central  Alabama, 
hematite  being  the  important  ore.  This  district  owes  its 
importance  to  the  convenient  location  of  iron  ore,  coal,  and 
limestone. 

In  the  Adirondack  region  of  New  York  magnetite  is  mined. 

In  Virginia  limonite  is  the  principal  iron  ore.  It  occurs  in 
residual  clays  overlying  limestones. 

Pennsylvania,  New  Jersey,  Georgia,  and  Missouri  also  pro- 
duce iron  ores.  In  the  western  states,  especially  in  Utah,  are 
important  ore-deposits  which  will  be  developed  at  some  future 
time.  But  at  present  the  high-grade  ores  (50  to  60  per  cent, 
iron)  of  the  Lake  Superior  region  overshadow  all  others. 

Treatment.  The  Lake  Superior  ores  are  shipped  by  Lake 
steamers  to  the  blast  furnaces  of  Pennsylvania  and  Ohio  center- 
ing around  Pittsburg.  The  ore  is  smelted  in  a  blast  furnace  with 
coke  and  limestone  by  which  pig-iron  is  produced.  Pig-iron 
remelted  and  poured  into  molds  is  cast  iron  which  contains  about 
5  per  cent,  of  carbon  and  other  impurities.  Wrought  iron  is  made 
by  stirring  molten  cast  iron  in  a  puddling  furnace  lined  with  pure 
ferric  oxid.  The  carbon  of  the  pig-iron  unites  with  the  lining 
and  leaves  a  very  pure  iron.  Steel  is  now  made  in  part 
directly  from  cast  iron  in  a  vessel  called  a  converter.  Blasts 
of    air   are   passed    through   the  molten  iron,  all   the  carbon 
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being  converted  into  gases.  Then  weighed  quantities  of  ircc 
alloys  of  iron  containing  known  amounts  of  carbon  are  ad^j 
Steel  contains  1  to  2  per  cent,  of  carbon  in  the  form  of  cer) 
carbids  which  are  necessary  to  give  it  hardness  and  other  desirj 
properties.  The  open-hearth  process  is  also  used  in  the  vn^ 
facture  of  steel. 

Production.  The  domestic  production  of  pig-iron  for  I'l 
was  27,303,000  long  tons  valued  at  $425,115,000. 

20.  METALS  USED  AS  ALLOYS  WITH  STEEL 

The  following  metals,  chromium,  manganese,  molybder.u| 
nickel,  titanium,  tungsten,  and  vanadium,  are  alloyed  with  s*J 
to  increase  its  hardness,  strength,  toughness,  tenacity,  etc. 

Chromium.    'Chromite    is    used.     The    principal    source^ 
chromite  are  Asiatic  Turkey  and  New  Caledonia.    California  i 
important  deposits,  but  the  production  is  slight. 

Manganese.  Pyrolusite,  psilomelane,  and  franklinite  are ' 
chief  minerals.  In  the  Lake  Superior  district  manganiferous  ii 
ores  and  in  New  Jersey  the  residue  from  the  manufacture  of  i\ 
oxid  are  used  in  the  steel  industry.  Manganese  deposits  are  -^ 
worked  in  Virginia,  Georgia,  Arkansas,  and  California,  but 
1908  the  imports  amounted  to  over  a  million  dollars. 

Molybdenum.  Molybdenite  is  mined  in  this  country  pri: 
pally  at  Crown  Point,  Washington,  but  the  production  is  w 
small. 

Nickel.      Nickel-bearing    pyrrhotite   and    garnierite   are  ' 
chief  sources  of  nickel,  which  is  used  in  the  manufacture 
rails  and  armor  plate.     Nickel  is  obtained  principally  from '- 
pyrrhotite  of  Sudbury,  Canada,  and  from  the  garnierite  of  N 
Caledonia. 

Titanium.  Rutile  is  practically  the  only  source  of  titanii:: 
The  only  important  domestic  source  of  titanium  is  Nelson  0 
Virginia. 

Vanadium.  Carnotite,  a  mixture  of  vanadium  and  uran:-' 
compounds;  roscoelite,  a  vanadium  mica;  and  patronite, a  ne- 
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Dvered  vanadium  sulfid,  all  furnish  vanadium.  Carnotite  and 
oelite  occur  disseminated  in  sandstone  in  western  Colorado, 

,  e  patronite  is  found  only  in  Peru. 

>  mgsten.  The  most  important  tungsten  mineral  is  wolfra- 
.  5,  but  hiibnerite  and  scheelite  have  also  been  mined.  Boulder 
tity,  Colorado,  contains  the  largest  deposits  in  this  country, 
gsten  is  used  extensively  in  the  manufacture  of  tool-steel.  In 
)  the  domestic  production  of  tungsten  ores  was  1800  short 
i  valued  at  $807,000. 

'i^eatment.  There  are  two  methods  for  the  production  of  these 
als  and  their  ferro-alloys,  the  electric  furnace  and  the  Gold- 
nidt  process.  In  the  electric  furnace  the  ferro-alloys  are 
lined  directly  from  their  ores  by  reduction.  In  the  Gold- 
nidt  process  the  metals  or  their  ferro-alloys'  are  made  by 
ting  a  mixture  of  powdered  aluminum  and  oxid  of  the  metal, 
metal  and  the  aluminum  change  places,  aluminum  oxid  and 
metal  being  formed. 

21.  LEAD 

hief  Mineral.     Galena. 

reducing  Localities.  In  the  production  of  lead  the  United 
bes  ranks  first,  the  principal  states  in  order  being  Missouri, 
ho,  Utah,  and  Colorado. 

reatment.  The  ore  is  heated  in  a  blast  furnace  with  coke  and 
3stone,  and  base  bullion,  an  impure  lead  often  containing  silver 
gold,  is  the  result.  The  silver  is  recovered  by  the  process 
wn  as  desilverization,  metallic  zinc  being  added  to  the  molten 
I.  At  a  certain  temperature  an  alloy  of  zinc  and  silver  is 
ned  as  a  scum  on  the  surface  and  is  removed. 
fses.  Lead  is  used  principally  in  the  manufacture  of  white 
I,  lead  piping  and  sheeting,  and  alloys  such  as  type-metal  and 
fc. 

Production.  In  1910  the  domestic  production  was  372,000 
rt  tons  valued  at  $32,756,000. 
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22.  MERCURY 

Chief  Mineral.     Cinnabar. 

Producing  Localities.     Spain  leads  in  the  production  of 
cury,  with  Italy  second,  and  the  United  States  third.    Il 
country  California  furnishes  the  bulk  of  the  supply,  though  T- 
is  also  an  important  producer.     The  New  Almaden  m 
Santa  Clara  County,  California,  has  in  the  past  been  the  gres ; 
producer,  but  at    present  the  New  Idria  mine  in  San  Br:; 
County,   California,  is  the   main  source.     These    localitie> 
named  from  famous  quicksilver  mines  in  Europe,  Almade: 
Spain  and  Idria  in  Austria. 

Treatment.  The  ore  is  heated  in  retorts  or  at  the  large  c. 
in  furnaces  resembling  lime  kilns.  The  mercury  vaporizes  rei 
and  is  condensed  under  water. 

Uses.  Mercury  is  used  principally  in  the  manufactu: 
vermilion  and  in  the  amalgamation  of  gold  ores. 

Production.  In  1910  the  domestic  production  was  2f 
flasks  (75  pounds  each)  valued  at  $958,000. 

23.  PLATINUM 

Chief  Mineral.    Platinum. 

Producing  Localities.     Russia  is  practically  the  only  proi 
of  platinum,  the  mineral  occurring  in  placer  deposits  in  the 
Mts.     Small  amounts  are  recovered  in  northern  California 
southern  Oregon  from  the  gold  placers.     Colombia,  South  A: 
ica,  also  furnishes  some  platinum. 

Treatment.  The  concentrates  are  treated  with  dilute  s 
regia  which  dissolves  out  most  of  the  impurities.  After  dissoi' 
in  concentrated  aqua  regia  the  platinum  is  precipitated  '- 
ammonium  chlorid  as  (NH^)2PtClg,  which  on  heating  K*. 
platinum  containing  a  little  iridium. 

Production.     In  1910  the  domestic  production  was  773 
ounces  valued  at  $25,277. 
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24.  SILVER 

Chief  Minerals.  Silver,  argentite,  pyrargyrite,  proustite, 
stephanite,  cerargyrite,  and  argentiferous  galena. 

Producing  Localities.  Mexico  leads  in  the  production  of  silver, 
with  the  United  States  second,  and  Canada  third.  In  the  United 
States  the  five  leading  states  in  order  of  production  are  Montana, 
Colorado,  Nevada,  Utah,  and  Idaho.  Canada  owes  its  rank  as 
third  place  to  the  comparatively  new  discoveries  at  Cobalt. 

Treatment.  Most  of  the  silver  is  obtained  from  argentiferous 
galena  by  the  Parke's  process.  Zinc  is  added  to  molten  lead  and 
forms  a  zinc-silver  alloy  which  has  a  lower  melting  point  than 
lead.  This  alloy  is  skimmed  off  the  molten  lead  and  the  zinc  is 
distilled  off.     The  silver  is  purified  by  cupellation. 

Silver,  together  with  gold,  is  obtained  in  the  electrolytic  refin- 
ing of  copper. 

If  the  ore  does  not  contain  lead  or  copper  the  process  known 
as  pan  amalgamation  is  used.  The  essential  parts  of  the  process 
are  the  reduction  of  silver  by  metallic  iron,  usually  the  bottom  of 
the  vessel,  and  subsequent  amalgamation  with  mercury. 

Production.  In  1910  the  domestic  production  of  silver  was 
57,137,000  troy  ounces  valued  at  $30,854,000. 

26.  TIN 

Chief  Mineral.     Cassiterite. 

Producing  Localities.  The  Federated  Malay  States  leads  in  the 
production  of  tin,  followed  by  Bolivia  and  Australia.  Cornwall, 
England,  was  formerly  the  principal  producer.  In  the  United 
States  a  little  tin  has  been  produced  by  Alaska,  South  Dakota, 
and  South  Carolina,  but  the  amount  has  been  very  small. 

Treatment.  Tin  ore  is  smelted  in  a  reverberatory  furnace  with 
coal.  The  impure  metal  obtained  is  purified  by  reheating  and  by 
continued  oxidation. 

Uses.  Tin  is  used  in  the  production  of  tin-plate  (sheet-iron 
coated  with  tin)  and  various  alloys  such  as  bronze. 
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Production.  In  1910,  59  short  tons  of  cassiterate  tin  were; 
duced  in  the  United  States.  The  value  of  the  imports,  howe 
amounted  to  $33,913,000  in  1910. 

26.  ZINC 

Chief  Minerals.     Sphalerite,  smithsonite,  and  calamine. 

Producing  Localities.     Germany  leads  in  the  production 
zinc,  with  the  United  States  second  and  Belgium  third.     Of 
states  Missouri,  Colorado,  and  Wisconsin  are  the  main  produ«> 
The  Joplin  district  in  southwestern  Missouri  furnishes  aboii: 
per  cent,  of  the  zinc  produced  in  the  United  States. 

Treatment.  After  crushing  and  concentrating,  the  zinc  or 
roasted.  It  is  then  mixed  with  powdered  coke  and  heateu 
clay  retorts.  The  zinc  volatilizes  and  forms  in  condensers . 
tached  to  the  retorts.     This  crude  zinc  is  called  spelter. 

The  ore  from  the  Joplin  district  is  shipped  to  Kansas  pri: 
pally,  where  natural  gas  furnishes  a  convenient  fuel  for  smelti: 
In  Colorado  the  smelters  formerly  deducted  for  zinc  in  ore,  1 
now  Colorado  is  an  important  producer.  In  New  Jersey  the :: 
ores  are  used  for  the  production  of  zinc  white  and  very  little : 
spelter. 

Uses.  Zinc  is  used  principally  in  galvanizing  iron  and  in  * 
manufacture  of  brass,  an  alloy  of  copper  and  zinc. 

Production.  In  1910  the  domestic  production  of  spelter  : 
252,000  short  tons  valued  at  $27,268,000. 

C.  MINERALS  USED  IN  THE  CHEMICAL  INDUSTRIES 

I7.  ALUMINUM  COMPOUNDS 


i 


The  compounds  manufactured  are  alum,  aluminum  sulf^^ 
and  the  oxid,  which  is  called  alundum. 

Chief  Mineral.     Bauxite,  cryolite,  and  alunite. 

Producing  Localities.     Bauxite  is  obtained  in  Georgia,  Ai 
bama,  and  Arkansas,  cryolite  in  Greenland,  and  alunite  in  It:.' 
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'reatment.     Alum  is  made  from  bauxite,  cryolite,  and  alunite; 

minum  sulfate  from  bauxite;  and  alundum  from  bauxite  by 

;ting  in  the  electric  furnace. 

Ises.     Alum  is  used  principally  in  the  manufacture  of  paper, 

minum  sulfate  in  dyeing  (as  a  mordant  to  fix  the  color) ,  and 

ndum  as  an  abrasive. 

Production.     In  1910  the  domestic  production  of  alum  and 

minum  sulfate  was  105,000  short  tons  valued  at  $2,000,000, 

[  of  alundum,  13,410,000  pounds  valued  at  $804,600. 


?9« 


ARSENIOUS  OXID 


hief  Mineral.     Arsenopyrite. 

'roducing  Localities.  Cornwall  formerly  furnished  the  princi- 
supply,  but  now  Germany  leads  with  France  second.  In  this 
ntry  arsenious  oxid  is  produced  at  Everett,  Washington, 
from  the  smelter  fumes  at  Anaconda,  Montana. 
reatment.  Arsenopyrite  on  roasting  gives  off  arsenious  oxid, 
O3.  At  the  Washoe  smelter.  Anaconda,  Montana,  the  enargite 
he  ore  furnishes  the  arsenious  oxid. 

ses.  The  principal  use  of  arsenious  oxid  is  in  the  manufacture 
►aris  green  and  london  purple,  valuable  insecticides,  but  there 
many  minor  uses. 

reduction.  In  1910  the  domestic  production  was  2,994,000 
nds  valued  at  $52,000. 

29.  BORAX  AND  BORACIC  ACID 

tiief  Minerals.     Colemanite. 

roducing  Localities.  San  Bernardino,  Ventura,  and  Inyo 
ities,  California,  furnish  all  the  colemanite  produced. 
reatment.  Borax  is  made  from  colemanite  by  decomposing 
ith  sodium  carbonate.  Boracic  acid  is  obtained  from  cole- 
ite  by  the  use  of  sulfuric  acid.  Most  of  the  California  borax 
;fined  at  Bayonne,  New  Jersey. 


r 
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Uses.  Borax  and  boracic  acid  are  used  in  the  manufactr 
soap,  glass,  toilet  preparations,  food  preservatives,  etc. 

Production.  The  domestic  production  of  crude  borax  in  1 
was  42,300  short  tons  valued  at  $1,202,000. 

30.  BROMIN 

Bromin  is  obtained  from  the  bittern  or  salt  brines  of  Miclii: 

Ohio,  and  West  Virginia,  as  a  by-product  in  the  salt  industr 

Bromin  is  used  principally  in  photography  and  in  medicii: 

The  domestic  production  in  1910  was  245,000  pounds  vl 

at  $41,000. 


u 


COBALT  COMPOUNDS 


Smalt,  a  cobalt  silicate,  is  about  the  only  compound  use 
any  great  extent. 
Chief  Minerals.     Smaltite  and  asbolite  (cobaltiferous  wa. 

Producing  Localities.  New  Caledonia  and  Cobalt,  Oni: 
furnish  the  principal  supply  of  cobalt. 

Uses.  Smalt  is  used  as  a  pigment,  especially  for  glass 
pottery. 

32.  CHROMIUM  COMPOUNDS 

Potassium  and  lead  chromates,  chrome  alum,  and  chron^ 
oxid. 
Chief  Mineral.     Chromite. 

Producing  Localities.  New  Caledonia  and  Asia  Minor  fun 
the  bulk  of  the  supply. 

Uses.  The  chromium  compounds  mentioned  are  used  in 
ing,  in  tanning,  and  in  the  manufacture  of  paints. 

Production.  The  domestic  production  of  chromite  in  191' 
205  long  tons  valued  at  $2,700. 

33.  lODIN 

lodin  is  obtained  principally  from  the  impure  sodium  nitri 
Chile,  where  it  occurs  as  a  calcium  iodate. 


THE  USES  OF  MINERALS  485 

34.  LITHIUM  SALTS 

bief  Minerals.     Lepidolite,  spodumene,  and  amblygonite. 

roducing  Localities.  Pala,  San  Diego  Co.,  California,  and  the 
3k  Hills,  South  Dakota,  have  furnished  the  domestic  supply, 
ses.  Lithium  carbonate  is  used  for  medicinal  purposes, 
jcially  in  artificial  mineral  waters. 

reduction.  In  1908  the  domestic  production  of  lithium 
erals  was  203  short  tons  valued  at  $1550. 


P\MAGNESIUM  COMPOUNDS 

lagnesia  (MgO)  and  epsom  salts  (MgS04-7H20)  are  the  com- 

nds  used. 

hief  Mineral.     Magnesite. 

i-oducing  Localities.     Austria  and  Greece  furnish  the  principal 

ply  of  magnesite.     In  California  there  are  several  important 

'osits,  Porterville  and   Red   Mt.  near  Livermore  being  the 

icipal  ones. 

'reatment.     Magnesite  on  heating  gives  off  carbon  dioxid, 

Lch  is  liquefied  for  use  in  soda  fountains,  and  leaves  magnesia. 

3om  salts  is  made  by  dissolving  magnesite  in  sulfuric  acid. 

Ises.     Magnesia  is  used  in  the  manufacture  of  refractory 

3ks,  paper,  boiler  coverings,  etc. 

Production.     In  1910  the  domestic  production  was  12,400  short 

s  valued  at  $74,000. 

86.  l^ITRATES 

)hief  Mineral.    Soda  Niter. 

deducing    Localities.     Chili    furnishes    the    total    supply. 

hough  the  exports  from  Chili  amount  to  about  a  million  tons 

ear  it  is  said  that  the  deposits  will  last  200  or  300  years  at  the 

sent  rate  of  exportation.     A  little  soda  niter  is  found  in  the 

ert  regions  of  California. 

fses.    Soda  niter  is  used  as  a  fertilizer,  and  in  making  potassium 

•ate. 


I 
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i 


37.  POTASSIUM  SALTS 


Potassium  chlorid,  nitrate,  and  sulfate. 
Chief  Minerals.     Carnallite  and  kainite. 

Producing  Localities.  Germany  produces  practically  the  t 
supply  of  potassium  salts.  Potassium  chlorid  and  siilfa> 
obtained  from  carnallite  and  kainite  by  solution  and  recry 
lization.  The  nitrate  is  made  by  crystallizing  a  water  solu:: 
potassium  chlorid  and  sodium  nitrate. 

Uses.  Potassium  chloride  and  sulfate  are  used  as  fertL 
potassium  nitrate  principally  in  the  manufacture  of  gunpcr 

38.  SODIUM  SALTS 

Chief  Mineral.     Halite  or  rock-salt. 

Producing  Localities.  Austria-Hungary  leads  in  the  pr 
tion  of  salt,  followed  by  the  United  States  and  Germany 
this  country  the  states  in  order  of  production  are  Michigan. 
York,  Kansas,  and  Ohio. 

Treatment.     Salt  occurs  in  thick  bedded  deposits  often 
ciated  with  gypsum  or  anhydrite.     The  salt  is  sometimes  l 
in  the  form  of  rock-salt  just  as  coal  would  be  mined.     At 
localities  water  is  forced  down  and  the  resulting  brine  is  ev 
rated.     In  some  places  sea  or  lake  water  is  evaporated  to  < 
salt. 

Soda  or  sodium  carbonate,  next  to  sodium  chlorid,  is  the ' 
cipal  sodium  salt  used.     The  Solvay  process  for  the  manuf:. 
of  soda  is  as  follows:  ammonia  gas  and  carbon  dioxid  are  p 
into  a  solution  of  salt.     Sodium  bicarbonate  is  formed,  wh:  - 
heating  gives  normal  sodium  carbonate. 

Caustic  soda  is  made  from  soda  and  calcium  hydroxid. 

Uses.  Salt  is  used  in  the  packing-house  industry,  soda  > 
in  manufacture  of  glass,  and  caustic  soda  in  the  manufactu 
soap. 

Production.  In  1910  the  domestic  production  was  30,0'' 
barrels  (280  lbs.  net)  valued  at  $7,900,000. 
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39.  STRONTIUM  COMPOUNDS 

hief  Minerals.     Strontianite  and  celestite. 

roducing  Localities.     Germany  is  practically  the  only  pro- 

er. 

ses.     Strontium  hydroxid  is  used  in  the  refining  of  beet- 

ar  and  strontium  nitrate  in  pyrotechnics. 

40.  SULFURIC  ACID 

hief  Mineral.     Pyrite. 

'reducing  Localities.     Portugal  leads  in  the  production  of 

ite,  with  the  United  States  second.     In  this  country  about 

■  of  the  pyrite  is  produced  in  Virginia. 

^reatment.     The  ore  is  roasted  in  specially  designed  furnaces. 

5  sulfur  dioxid  is  forced  into  lead  chambers  where  steam  and 

'ogen  dioxid  convert  it  into  sulfuric  acid. 

Jses.     Sulfuric  acid  is  the  basis  of  many  industries.     In  order 

}he  amount  of  acid  used,  these  industries  are  superphosphate 

fertilizer,  refining  of  petroleum,  pickling  iron  and  steel,  ammo- 

m  sulfate,  alum  and  aluminum  sulfate,  manufacture  of  other 

is,  blue  vitriol,  etc. 

^reduction.     In  1910  the  domestic  production  of  pyrite  was 

;,000  long  tons  valued  at  $958,000.     For  1908  the  imports 

ounted  to  $2,264,000. 

41.  THORU 

yhlef  Mineral.     Monazite. 

i>roducing  Localities.     The  principal  localities  are  North  and 

ith  Carolina  and  Bahia,  Brazil. 

Dreatment.     The  monazite  which  occurs  in  the  form  of  sand  is 

jomposed  by  sulfuric  acid.     The  addition  of  oxalic  acid  con- 

ts    sulfates    into    oxalates.     Ammonium    oxalate    dissolves 

)    the  thorium  oxalate,  which  is  converted  into  thoria  by 

iting. 

29 
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Uses.     Thoria  is  used  in  making  Welsbach  gas  mantles. 

Production.     The  domestic  production  of  monazite  and  zL- 
in  1910  was  99,300  pounds  valued  at  $12,000. 

42.  ZINC  OXID 

Chief  Minerals.     Franklinite,  willemite,  and  zincite. 

Producing  Locality.     Sussex  Co.,  New  Jersey,  furnishes  the « 
supply  of  these  minerals. 

Treatment.  Zinc  oxid  is  made  directly  from  the  ores  by  b. 
ing  in  a  special  type  of  furnace.  The  residues  which  contuJ 
large  percentage  of  manganese  are  made  into  spiegeleisen  i 
ferromanganese,  used  in  steel  making. 

Uses.  Zinc  oxid  is  a  valuable  paint  which  does  not  tarL 
like  white  lead. 

Production.     In   1910  the   domestic   production   was  o9. 
short  tons  valued  at  $5,325,000. 


GLOSSARY 

bsorption.     A  term  referring  to  the  intensity  of  light  in  different  directions 

in  a  crystal, 
chroite.     A  colorless  variety  of  tourmaline.  , 

cicular.     Needle-shaped. 
.cid  salt.     A  compound  in  which^only  part  of  the  hydrogen  of  an  acid  is 

replaced  by  a  metal, 
.cute  bisectrix.     The  line  bisecting  the  axial  angle. 
adamantine.     Brilliant  luster  like  that  of  cerussite. 
Ldularia.     A  glassy  variety  of  orthoclase  found  in  veins. 
Lgalite.     Fibrous  talc  pseudomorphous  after  eustatite. 
kgate.     A  variegated  chalcedony. 
dabaster.     Translucent  massive  gypsum, 
aggregate  polarization.     The  extinction  of  a  mass  of  particles  or  fibers  at 

dififerent  times. 
Lggregate  structure.     The  structure  which  causes  aggregate  polarization, 
dexandrite.     A  variety  of  chrysoberyl. 
dmandite.     A  sub-species  of  garnet  containing  Fe  and  Al. 
dpha  (a).     (1)  The  angle  between  the  b  and  c  axes.     (2)  The  shortest 

indicatrix  axis. 
Llteration.     A  change  in  chemical  composition  due  to  circulating  waters, 

weathering,  etc. 
Lluminates.     Salts  of  H3AIO3,  HalO^,  etc. 
duminum  minerals.     Alunite,  amblygonite,  andalusite,  bauxite,  corundum, 

cryolite,  cyanite,  diaspore,  sillimanite,  spinel,  topaz,  turquois,  wavel- 

lite,  and  many  silicates, 
dundum.     Artificial  corundum  used  as  an  abrasive. 
Llum-stone.     An  impure  siliceous  alunite. 
kmazon-stone.     A  green  variety  of  microcline. 
kmethyst.     A  purple  variety  of  quartz, 
^ethyst,  oriental.     A  purple  variety  of  corundum, 
bnmonium  minerals.     Sal-ammoniac. 

Morpheus.     Totally  devoid  of  crystalline  form  or  structure, 
ijnphibole.     A  group  of  silicates  including  tremolite,  actinolite,  hornblende, 

and  glaucophane. 
Imygdaloidal.     Hef erring  to  amygdules. 
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Amygdules.     Secondary  minerals  filling  rounded  cavities  in  volcanic  r^ 
Analyser.     The  upper  nicol. 

Andesine.     A  plagioclase  between  oligoclase  and  labradorite. 
Andesite.     A  volcanic  rock  composed  essentially  of  plagioclase  andi 

blende. 
Andradite.     A  sub-species  of  garnet  containing  Ca  and  Fe'''. 
Angle,  axial.     The  angle  between  the  optic  axes. 
Angle,  interfacial.     The  dihedral  angle  between  two  faces. 
Anhedral.     Without  crystal  faces. 
Anisotropic.     Substances  with  double  refraction. 
Antimonates.     S^lts  of  HjSbO^,  HSbO,,  etc. 
Antimonites.     Salts  of  HsSbO,,  HSbOg,  etc. 
Antimony  minerals.     Antimony,  bournonite,  jamesonite,  polybasite,  y 

gyrite,  stephanite,  stibiconite,  stibonite,  tetrahedrite. 
Antimony  glance.     Synonym  of  stibnite. 
Antimony  ocher.     Synonym  of  stibiconite. 
Aquamarine.     A  pale  sea-green  variety  of  beryl. 
Arborescent.     Branching  like  a  tree. 
Arkose.     A  feldspathic  sandstone. 
Arsenates.     Salts  of  HjAsO^,  HAsO,,  etc. 
Arsenites.     Salts  of  HjAsOj,  HAsOa,  etc. 
Arsenic   minerals.     Arsenic,    arsenopyrite,    cobaltite,    enargite,   loUiri 

mimetite,  niccolite,  olivenite,  orpiment,  proustite,  realgar,  sinalt.i 
Arsenical  pyrites.     A  synonym  of  arsenopyrite. 
Asbestos.     Fibrous  tremolite  or  fibrous  serpentine. 
Asterism.     A  six-rayed  star  effect  seen  by  holding  certain  minerals  up:^ 

light. 
Astringent.     A  taste  that  puckers  the  lips. 
Asynmietric  class.     The  class  without  any  symmetry. 
Asynmietric  dispersion.     The  dispersion  which  produces  an  interfefi 

figure  without  any  symmetry  of  cold  distribution. 
Axes  of  reference.     Codrdinate  axes  to  which  crystal  faces  are  referred 
Axes  of  symmetry.     Lines  about  which  a  crystal  may  be  revolved  > 

it  occupies  the  same  position  in  space. 
Axial  angle.     The  angle  between  the  optic  axes. 
Axial  cross.     Coordinate  axes  or  axes  of  reference. 
Axial  elements.     The  axial  ratio  and  the  angles  between  the  axes. 
Axial  plane.     The  plane  of  the  optic  axes. 
Axial  ratio.     The  relative  lengths  on  the  axes  cut  off  by  the  face. 

Barium  minerals.     Barite,  witherite. 

Barytes.     Synonym  of  barite. 

Basal  pinacoid.     The  pinacoid  jOOl )  or  jOOOl ) . 
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It.     A  dense  volcanic  rock  composed  chiefly  of  plagioclase  and  augite 
with  a  glassy  groundness. 

Itic  hornblende.     A  variety  of  hornblende  found  in  volcanic  rocks. 
nite.     A  black  compact  variety  of  chalcedony. 
:  rocks.     Igneous  rocks  comparatively  low  in  silica  (SiO2<50%). 
z  salts.     Compounds  in  which  only  part  of  the  hydroxyl  of  a  base  is 
replaced  by  an  acid  radical, 
ite.     A  pseudomorph  of  serpentine  after  bronzite. 
olith.     A  deep-seated  mass  of  igneous  rock  of  indeterminate  shape, 
(no  twin.     An  orthoclase  twin  with  {021 }  as  twin  plane. 
:e  test.     A  test  for  relative  indices  of  refraction. 
in  blue.     An  anomalous  interference  color  of  the  first  order, 
rand  lens.     A  small  lens  inserted  in  the  microscope  tube  to  magnify  the 
interference  figure. 

Ilium  minerals.     Beryl  and  chrysoberyl. 

(p),     (1)  The  angle  between  the  a-  and  c-axes.     (2)  The  indicatrix 
axis  normal  to  the  plane  of  a  and  p. 

ial.     An  optical  term  for  crystals  of  the  orthorhombic,  monoclinic  and 
triclinic  systems. 

Tamid.     A  double-ended  pyramid. 

fringence.     The  strength  of  the  double  refraction  denoted  by  (^-a). 
ctrix.     The  line  bisecting  the  angle  between  the  optic  axes. 
icates.     The  same  as  metasilicates,  R^SiOg  =  R"0 .  SiOj. 
luth  flux.     A  mixture  of  2  parts  S,  1  part  KI,  and  1  part  KHSO4. 
luth  minerals.     Bismuth,  bismuthinite. 

henoid.     A  form  apparently  consisting  of  two  sphenoids  place  together 
symmetrically. 

kband.     An  impure  carbonaceous  siderite. 
:k  jack.     A  synonym  of  ferriferous  sphalerite, 
ide.     A  synonym  of  sphalerite. 

5-john.     A  banded  fluorite  used  for  ornamental  purposes. 
iron  ore.     A  synonym  of  limonite.     • 
manganese.     A  synonym  of  wad. 
e-ash.     Calcium  phosphate  used  in  silver  cupellation. 
ates.     Salts  of  H3BO3,  HBO2,  H^B^O^,  etc. 
acic  acid  flux.     A  mixture  of  1  part  fluorite  and  4  parts  KHSO4. 
3n  minerals.     Axinite,  boracite,  borax,  colemanite,  datolite,  ulexite. 
t.     A  variety  of  diamond  without  distinct  form  or  cleavage. 
*yoidal.     Resembling  a  bunch  of  grapes. 

:hy-axis.     The  a-axis  in  the  orthorhombic  and  tricUnic  systems. 
:hy-dome.     The  form  \o Kl\  in. 
:hy-pinacoid.     The  form  {010 1. 
xia.     A  rock  made  up  of  coarse  angular  fragments  cemented  together. 
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Brittle  mica.     Synonym  of  margarite. 

Brittle  silver  ore.     Synonym  of  stephanite. 

Bronze  mica.     Synonym  of  phlogopite. 

Bytownite.     A  basic  plagioclase  between  labradorite  and  anorthite. 

Calcareous  tufa.     A  porous  calcium  carbonate  formed  by  springs. 

Calc-spar.     A  synonym  of  calcite. 

Calcium  minerals.     Anhydrite,  ankerite,  apatite,  aragonite,  caicittr 

manite,  dolomite,  fluorite,  gypsum,  scheelite,  woUastonite  an<i 

silicates. 
Campylite.     A  mineral  intermediate  between  pyromorphite  and  miiL' 
Capillary.     Hair-like. 

Carbon  minerals.     Graphite,  diamond,  and  carbonates. 
Carbonado.     A  black  opaque  variety  of  diamond. 
Carbonates.     Salts  of  H2CO3. 
Carborundum.     An  artificial  silicon  carbid. 

Carlsbad  twin.     A  penetration  twin  of  the  feldspars  with  c  as  the  twin- 1 
Camotlte.     A  potassium  uranium  vanadium  compound.     It  is  pro. 

mixture. 
Center  of  symmetry.     A  crystal  that  has  for  every  face  a  similar  n; 

parallel  face  has  a  center  of  symmetry. 
Cerium  minerals.     Allanite,  monazite. 
Chalcotrichite.     A  capillary  variety  of  cuprite. 

Chalk.     A  fine-grained  calcium  carbonate  rock  formed,  by  organism.' 
Chatoyant.     With  an  opalescent  reflection  or  radiation. 
Chalybite.     A  synonym  of  siderite. 
Chert.     A  massive  chalcedony  rock. 
Chessylite.     A  synonym  of  azurite. 
Chiastolite.     A  variety  of  andalusite  with  regularly  arranged  carbon 

material. 
Chlorids.     Salts  of  HCl. 
Chlorin  minerals.   Atacamite,  boracite,  apatite,  camallite,  cerarg^r.: 

ite,  mimetite,  pyromorphite,  sal-ammoniac,  sylvite,  sodalite,vai.:i 

wernerite. 
Chlorite.     A  group  of  silicates. 

Chondrules.     Rounded  nodules  occurring  in  meteorites. 
Chromates.     Salts  of  HjCrO^. 
Chrome  garnet.     Synonym  of  uvarovite. 
Chrome  iron  ore.     Synonym  of  chromite. 
Chromites.     Salts  of  HjCrOa,  HCrOj,  etc. 
Chromium  minerals.     Chromite,  crocoite,  and  uvarovite. 
Chrysolite.     A  synonym  of  olivine. 
Chrysotile.     A  fibrous  variety  of  serpentine. 
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Chiysoprase.     An  apple-green  chalcedony. 

Clastic.     Made  up  of  fragments  of  preexisting  rocks. 

Clay.     A  mixture  of  hydrous  aluminum  silicates  with  feldspar,  quartz,  etc. 

Cleavage.     The  property  of  breaking  in  certain  crystallographic  directions. 

Closed  fonns.     A  crystal  form  that  encloses  space  of  itself. 

Clino-axis.     The  o-axis  in  the  monoclinic  system. 

Clinopinacoid.     The  form  |010|  in  the  monoclinic  system. 

Clinodome.     The  form  \oKl\  in  the  monoclinic  system. 

Cobalt  minerals.     Cobaltite,  erythrite,  smaltite. 

Color  chart.     The  interference  colors  of  a  wedge  placed  on  a  diagram. 

Colors,  interference.     The  colors  of  doubly  refracting  substances  as  seen  in 

polarized  light. 
Combination.     A  crystal  composed  of  two  or  more  forms. 
Columnar.     Made  up  of  coarse,  more  or  less  parallel,  aggregates. 
Complementary  forms.     Two  forms  which  combined  geometrically  produce 

a  form  with  higher  symmetry. 
Composition  face.     The  face  of  union  of  the  parts  of  a  twin  crystal. 
Composite  symmetry.     The  recurrence  of  similar  faces  by  rotation  about  an 

axis  combined  with  reflection  in  a  plane. 
Conchoidal  fracture.     Curved  fracture  like  the  surface  of  a  shell. 
Concretion.     Nodular  masses  often  fantastic  in  shape. 
Conglomerate.     A  rock  made  up  of  coarse,  rounded  fragments  cemented 

together. 
Congruent  forms.     Two  forms  which  may  each  be  derived  from  the  other  by 

rotation. 
Conoscope.     A  polariscope  for  convergent  light. 

Contact  goniometer.     A  cardboard  or  metal  protractor  for  measuring  angles. 
Contact  metamorphism.     Metamorphism  produced  by  the  heat  of  an  igneous 

intrusion. 
Contact  minerals.     Minerals  formed  by  contact  metamorphism. 
Contact  twin.     A  twin  with  definite  composition  face. 
Copper  minerals.     Atacamite,   azurite,.  bornite,   bournonite,   brochantite. 

chalcanthite,   chalcocite,   chalcopyrite,   chrysocoUa,   copper,   covellite, 

cuprite,  enargite,  malachite,  melaconite,  olivenite,  stannite,  tetrahedrite 
Copperas.     Synonym  of  FeS04.7H20.  . 

Copper  glance.     Synonym  of  chalcocite. 
Copper  pjrrites.     Synonym  of  chalcopyrite. 
Cordierite.     Synonym  of  iolite. 

Crossed  nicols.     Two  Nicol  prisms  with  their  vibration  planes  at  right  angles. 
Crossed  dispersion.     The  dispersion  which  produces  an  interference  figure 

with  color  distribution  symmetrical  to  the  center  of  the  figure. 
Crystal  class.     The  sum  of  all  crystals  with  the  same  symmetry. 
Crystalline  limestone.     A  metamorphic  limestone. 
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Cr3rBtallite8.    Minute  hair  or  fern-like  forms  which  are  supposed  to  be ! 

ent  crystals. 
Cube.     A  parallelopiped  composed  of  six  similar  faces  at  right  angles ' 

other. 
Cupellatlon.     The  removal  of  lead  from  lead-silver  alloy  by  volatili!- 

and  absorption  by  bone-ash. 
Cyclic  twin.     A  repeated  twin  which  tends  to  form  a  circle. 

Dacite.     A  volcanic  rock  intermediate  between  rhyolite  and  andesite. 

Decrepitate.     Flies  to  pieces  when  heated. 

Deltohedron.     An  isometric  form  of  12  faces  with  the  symbol  {hhl|. 

Deliquescent     Absorbing  water  from  the  air. 

Dendritic.     Branching  like  a  tree. 

Diabase.     An  igneous  rock  composed  essentially  of  plagioclase  and  ^ 

with  ophitic  texture. 
Dialloge.     A  lamellar  variety  of  diopside. 
Dichroic.     A  substance  with  two  axial  colors. 
Dichroscope.     An  instrument  for  observing  pleochroism. 
Dike.     A  tabular  mass  of  intrusive  igneous  rock. 
Diploid.     The  general  form  of  the  diploidal  class. 
Dioploidal  class.     The  class  with  the  symmetry  SA^ .  3P .  4A3. 
Dimorphism.     The  occurrence  of  a  substance  in  two  modifications  ^ 

differ  in  crystallization. 
Diorite.     A  plutonic  igneous  rock  composed  essentially  of  plagiocla^^ 

hornblende. 
Dispersion.     The  divergence  of  the  optical  constants  for  different  pu" 

the  spectrum. 
Dodecahedron.     The  form  {110}  in  the  isometric  system. 
Dodecants.     One  of  the  twelve  divisions  into  which  space  is  divide  l\ 

axes  of  the  hexagonal  system. 
Dog-tooth  spar.     A  variety  of  sharp-pointed  calcite  crystals. 
Dolomitization.     The  process  by  which  calcium  carbonate  is  convert^: 

dolomite. 
Dome.     A  form  consisting  of  two  faces  astride  a  plane  of  symmetry 
•Domatic  class.     The  crystal  class  with  a  plane  of  symmetry. 
Double  refraction.     The  property  of  splitting  a  ray  of  light  into  two  T&ys 
Drusy.     A  surface  apparently  sprinkled  with  minute  crystals. 
Dry-bone.     A  local  synonym  of  either  smithsonite  (Wis.)  or  cerussite  ^ 
Ductile.     Capable  of  being  drawn  into  wire. 
Dunlte.     An  igneous  rock  composed  almost  entirely  of  olivine. 

Eclogite.     A  metamorphic  rock  composed  of  pyroxene  or  amphiboly 
garnet. 
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Sdge.     The  intersection  of  two  crystal  faces. 

S fif ervescence.     The  bubbling  caused  by  the  evolution  of  such  gases  as  CO, 

and  HjS. 
Sffiorescent     Gives  up  its  nature  of  crystallization  on  standing. 
Slaeolite.     A  synonym  of  nephelite. 
Elastic.     An  elastic  mineral  springing  back  when  bent. 
Slectrum.     A  natural  alloy  of  gold  and  silver  with  over  20%  of  silver. 
Slements,  axial.     The  relative  intercepts  of  the  unit  form  and  the  angles 

between  the  axes. 
Elements  of  symmetry.     Axis,  plane  and  center  of  symmetry. 
Emerald.     The  clear  green  variety  of  beryl. 

Bmery.     A  mixture  of  corundum  with  either  magnetite  or  hematite. 
Bmpirical  formula.     The  simplest  method  of  expressing  the  chemical  com-' 

position  without  regard  to  structure  or  constitution. 
Bnantiomorphous.     Two  compounds  are  enantiomorphous  when  they  are 

the  mirror-image  of  each  other. 
Bndlichite.     An  isomorphous  mixture  of  mimetite  and  vanadinite. 
Brubescite.     A  synonym  of  bornite. 
Bssonite.     A  variety  of  garnet. 
Etch-figures.     The  small  geometric  figures  produced  on  crystal  faces  by  a 

solvent. 
Bther.     A  hypothetical  substance  necessary  to  explain  the  transmission  of 

light. 
Exfoliate.    To  swell  up  or  to  spread  out  like  the  leaves  of  a  book. 
Extinction.     The   getting   dark    of   a   doubly-refracting    crystal    between 

crossed-nicols. 
Extinction  angle.     The  angle  between  the  extinction  direction  and  the 

crystal  outline. 
Extinction  direction.     The  position  of  extinction. 
Extraordinary  rny.     In  doubly  refracting  substances  the  ray  which  produces 

the  image  that  revolves  around  the  other  image. 
Extrusive.     A  term  applied  to  igneous  rocks  which  have  been  poured  out  on 

the  surface. 

Face.     One  of  the  flat,  more  or  less  smooth,  surfaces  of  a  crystal. 

Face  color.     The  color  of  a  crystal  when  viewed  in  a  particular  direction. 

Facet.     The  poUshed  surface  of  a  cut-stone. 

Fahlerz.     The  German  name  for  tetrahedrite. 

Felsite.  A  volcanic  igneous  rock  with  fine  granular  texture  and  without 
phenocrysts. 

Felsitic.     A  fine  granular  texture,  applied  to  igneous  rocks. 

Feldspathoid.  Lencite,  nephelite,  and  sodalite  are  called  feldspathoids  be- 
cause in  igneous  rocks  they  often  take  the  place  of  the  feldspars. 
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Ferro-alloys.     Alloys  of  iron  or  steel  with  various  elements. 
Ferro-magnesium.     The  rock-forming  minerals,  augite,  hornblende,  oli 

biotite,  etc.,  which  contain  Fe  and  Mg. 
Fibrous.     Made  up  of  fibers. 
Fire -opal.     A  variety  of  opal  with  red  reflections. 
Flexible.     Capable  of  being  bent  and  remaining  so. 
Flint.     A  variety  of  chalcedony. 
Fluorids.     Salts  of  HF. 
Fluorin  minerals.     Apatite,   amblygonite,  chondrodite,    cryolite,  flu« 

lepidolite,  topaz. 
Fluxes.     Synonym  of  fluorite. 
Foliated.     Made  up  of  flat  plates. 

w 

Fool's  gold.     Synonym  of  pyrite. 
Form.     The  sum  of  like  faces  on  a  crystal. 
Form,  closed.     A  form  which  encloses  space  of  itself. 
Form,  open.     A  form  which  does  not  enclose  space  of  itself. 
Formula  weight.     The  sum  of  the  atomic  weights  of  the  elements. 
Fowlerite.     A  zinc-bearing  variety  of  rhodonite. 
Fracture.     The  manner  of  breaking  when  not  cleavable. 
Freibergite.     Argentiferous  tetrahedrite. 
French  chalk.     A  kind  of  talc  used  by  tailors. 

Friable.     Capable  of  being  pulverized  by  rubbing  between  the  fingers. 
Fusibility,  scale  of.     A  list  of  minerals  ranging  from  very  easily  fusible  i 
nite  to  infusible  quartz. 


Gabbro.     A  basic  plutonic  rock  composed  of  basic  plagioclase  and  di:; 

Galenite.     Synonym  of  galena. 

Gamma  (r).     (1)  The  angle  between  the  a  and  h  axes.      (2)  The  1- 

indicatrix  axis. 
Gangue.     The  non-metallic  part  of  a  vein. 
Gelatinization.     Solubility  with  the  formation  of  jelly-like  silica. 
General  form.     The  form  {hkl\  or  hkil  in  any  crystal  class. 
Geode.     A  hollow  concretion  usually  lined  with  crystals. 
Geyserite.     A  variety  of  opal  silica  formed  in  hot  spring  deposits. 
Glance.     A  general  name  for  metallic  sulfids. 

Glass,  natural.     Volcanic  rocks  such  as  obsidian,  pitcjistone,  pumice, 
Gliding.     A  molecular  rearrangement  due  to  twinning. 
Globular.     Made  up  of  more  or  less  complete  spheres. 
Gnomonic  projection.     A  projection  made  on  a  plane  tangent  to  a  ^ 
Gold  minerals.     Calaverite,  electrum,  gold,  sylvanite. 
Goniometer.     An  instrument  used  for  measuring  crystals. 
Gossan.     The  upper  oxidized  portion  of  a  vein  or  ore  deposit. 
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Granite.     A  plutonic  igneous  rock  composed  essentially  of  quartz  and  ortho- 

clase. 
Granitic  or  granitoid.     The  even-grained  texture  of  a  granite. 
Graphic  determination  of  indices. 

Graphic  granite.     An  intergrowth  of  quartz  and  orthoclase. 
Graphic  solution  of  a  spherical  triangle. 
Graphic  texture.     The  texture  of  graphic  granite. 
Graphitic  acid.     A  substance  formed  by  the  action  of  KCIO,  and  cone. 

HNOg  on  graphite. 
Gravel.     A  coarse  fragmental  deposit. 
Gray  copper  ore.     A  synonym  of  tetrahedrite. 
Greisen.     A  quartz-muscovite  rock  formed  by  pneumatolysis. 
Greenstone.     A  dense  metamorphic  rock. 
Grossularite.     A  sub-species  of  garnet  containing  Ca  and  Al. 
Guano.     A  phosphatic  deposit  formed  by  the  leaching  of  bird  and  bat 

excreta. 
Gypsum  wedge.     A  thin  wedge-shaped  slice  of  selenite. 
Gyroid.     THe  general  form  of  the  gyroidal  class. 
Gyroidal  class.     The  crystal  class  with  6A2  •  4 A3  •  3A^. 

Habit,  cr3rstal.     The  general  shape  of  a  crystal  as  determined  by  growth 

in  certain  directions. 
Hackly.     A  term  applied  to  the  fracture  of  metals. 
Haloids.     Salts  of  HCI,  HBr,  HI,  and  HF. 
Hardness,  scale  of. 
Heavy  liquids.     Liquids  such  as  methylene  iodid  and  potassium  mercury 

iodid  used  for  specific  gravity  determinations. 
Heavy  spar.     Synonym  of  barite. 
Hematite  brown.     Synonym  of  limonite. 
Hemi-dome.     The  form  {hol\  in  the  monoclinic  system  is  sometimes  called 

a  hemi-dome. 
Hemi -prism.     The  form  {hko\  in  the  triclinic  system. 
Hemi -pyramid.     The  form  \hkl\  in  the  monoclinic  system. 
Hexagonal  system.     The  sum  of  all  Classes  with  a  single  3-fold  or  6-fold  axis 

of  symmetry. 
Hexahedron.     Synonym  of  a  cube. 

Hexoctahedral  class.     The  class  with  the  symmetry  GAj-  4A3-  BA^-  9P. 
Hexoctahedron.     An  isometric  form  consisting  of  48  faces. 
Hextetrahedral  class.     The  class  with  the  symmetry  BAg-  4 A 3-  6P. 
Hextetrahedron.     An  isometric  form  with  24  faces. 
Hiddenite.     An  emerald-green  variety  of  spodumene. 
Holohedral.     A  name  sometimes  applied  to  the  class  that  has  the  highest 

symmetry  in  each  system. 
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Hemihedral.     The  forms  with  lower  symmetry  than  the  holohedral. 
Hemimorphlc.     Having  two  ends  of  the  crystal  differently  terminated. 
Horizontal  dispersion.     The  dispersion  which  produces  an  interference  fir.; 

with  color  distribution  symmetrical  with  respect  to  a  line  normal  t- 

axial  plane. 
Homfels.     A  dense  rock  formed  by  the  contact  metamorphlsm  of  shale^ 
Horn  silver.     Synonym  of  cerargyrite. 
Hyacinth.     A  variety  of  zircon. 
Hyalite.     The  glassy  variety  of  opal. 
Hydromagnesite. 

Hydrous  salts.     Salts  with  the  so-called  water  of  crystallization. 
Hydrozids.     Compounds  of  elements  with  hydroxy  1. 
Hydroxyl.     The  radical  or  ion  (OH). 


Iceland  spar.     Transparent  calcite  showing  double  refraction. 
Icosahedron.     One  of  the  regular  Platonic  solids  with  twenty  faces,  ar. 

possible  crystallographic  form. 
Icositetrahedron.     A  synonym  of  the  isometric  trapezohedron. 
Ideal  form.     A  form  in  which  like  faces  are  of  the  same  size  and  shape. 
Idocrase.     A  synonym  of  vesuvianite. 

Igneous  rocks.     Hocks  formed  by  the  consolidation  of  molten  magma. 
Imitative  forms.     The  slopes  of  minerals  which  resemble  other  oat.' 

objects. 
Inclined  dispersion.     The  dispersion  which  produces  an  interference  fie 

with  color  distribution  symmetrical  to  the  trace  of  the  axial  plane. 
Inclusions.  Foreign  substances  caught  when  crystals  are  being  forme<i. 
Index  of  refraction.     A  number  which  indicates  the  amount  of  bending 

ray  of  light  on  going  from  one  medium  into  another. 
Indicatrix.     An  ellipsoid,  spheroid,  or  sphere  used  as  an  aid  in  study. 

crystal  optics. 
Indices,  Miller.     The  reciprocal  ratios  of  intercepts  in  terms  of  a  sele<' 

unit. 
Indicolite.     A  deep  blue  variety  of  tourmaline. 
Intercepts.     Distances  cut  off  on  axes  of  reference  by  planes. 
Interfacial  angle.     The  dihedral  angle  between  two  faces. 
Interference.     The  result  of  two  light  waves  travelling  along  the  same  i: 

after  one  has  been  retarded. 
Interference  colors.     The  effects  of  interference  as  seen  in  white  light. 
Interference  figure.     The  image  produced  by  certain  crystal  plates  vr 

viewed  in  convergent  polarized  light. 
Intergrowth.     An  intimate  regular  arrangement  of  two  substances  produ 

by  simultaneous  crystallization. 
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isive.    Igneous  rocks  which  have  invaded  other  rocks  are  called  in- 
trusive. 

mescence.     A  bubbling  up  due  to  escape  of  water  when  heating  a 
mineral. 

rsion.    The  operation  indicated  by  an    composite  axis  of  two-fold 
symmetry. 

scence.    A  rainbow  effect  produced  by  interference  of  light  in  thin 
films. 

minerals.  Ankerite,  arsenopyrite,  biotite,  bornite,  chalcopyrite, 
chromite,  columbite,  copiapite,  franklinite,  goethite,  hematite,  ilmenite, 
iron,  limonite,  Idllingite,  magnetite,  marcasite,  melanterite,  olivene, 
pyrite,  pyrrhotite,  siderite,  triphylite,  irrianite,  wolfamite,  and  some 
silicates 

■pyrites.     A  synonym  of  pyrite. 

morphism.     Two  parallel  isomorphous  groups  one  or  more  of  which 
in  each  group  is  dimorphous. 

orphism.     The  property  of  similar  chemical  compounds  crystallizing 
n  similar  forms. 

orphous  mixtures.     A  solid  solution  of  two   or  more  isomorphous 
mbstances. 

)pic.     Usually  means  optically  isotropic.     This  term  is  synonymous 
vith  singly  refracting. 

A  compact  tough  green  or  greenish-white  ornamental  stone  com- 
posed of  either  an  amphibole  or  pyroxene  mineral. 
n.     A  pale-colored  variety  of  zircon. 

r.     A   red,  yellow,  or   brown  variety  of  chalcedony  colored  by  iron 
>xids. 
balance.     A  specific  gravity  balance  made  of  a  spiral  brass  wire. 

a.     A  mixture  of  kaolinite  with  other  aluminous  silicates. 

aization.     The  process  by  which  the  feldspars  are  converted  into 

;aolin. 

y-ore.     A  variety  of  hematite. 

Ite.     A  variety  of  spodumene  used  as  a  gem. 

ite.     The  same  as  cyanite. 

lite.     A  dome-shaped  mass  of  igneous  rock  the  intrusion  of  which 

rches  the  overlying  strata. 

lar.     Made  up  of  plates. 

ise.     Thin  layers. 

L.     Small  fragments  of   volcanic  rocks  produced  by  the  explosive 

ction  of  volcanoes. 
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Lead  minerals.  Anglesite,  boumonite,  cerussite,  crocoite,  galena,  jar 
nite,  mimetite,  pyromorphite,  vanadinite,  wulfenite. 

Lenticular.     Lens-shaped. 

Light,  polarized.     Light  in  which  the  vibrations  are  in  one  plane. 

Limestone.     A  sedimentary  rock  consisting  of  CaCO,. 

Limestone,  crystalline.  A  metamorphic  rock  derived  from  a  sedimeL* 
limestone. 

Limit  form.     Any  form  except  \hkl\  and  \hytl\. 

Lithium  minerals.     Amblygonite,  lepidolite,  spodumene,  triphylite. 

Lodestone.     A  variety  of  magnetite,  which  is  a  magnet  itself. 

Luster.     A  term  applied  to  the  quality  of  light  reflected  from  a  surfae. 

Macle.     Synonym  of  a  twin-crystal. 

Macro-axis.     The  &-axis  (long)  in  orthorhombic  and  triclinic  crystals. 

Macrodome.     The  form  {hol\  parallel  to  the  macro-  or  &-axis  in  the  ("I 

rhombic  and  triclinic  systems. 
Macropinacoid.     The  pinacoid    jlOOl   in  the  orthorhombic   and    tri  j 

systems. 
Macroscopic.     The  same  as  megascopic. 
Magma.   The  liquid  mass  from  which  the  igneous  rocks  originate  by  cl-  J 

and  solidification. 
Magnesium  minerals.     Actinolite,   ankerite,   boracite,   brucite,   carni^ 

chondrodite,    dolomite,    enstatite,   epsomite,  hydromagnesite,  L} 

sthene,  kainite,  magnesite  olivine,  sepiolite,  serpentine,  spinel,  i 

tremoite  and  other  silicates. 
Magnetic  pyrites.     Synonym  of  pyrrhotite. 
Magnetic  iron  ore.     Synonym  of  magnetite. 
Malleable.     Capable  of  being  hammered  out  flat. 
Mammillary.     A  surface  consisting  rounded  protuberances. 
Manbach.     One  of  the  twinning  law  of  orthoclase. 
Manganese     minerals.     Alabandite,     franklinite,     hObnerite,     mane.; 

psilomelane,  pyrolusite,  rhodochrosite,  rhodonite. 
Marble.     Any  limestone  capable  of  taking  a  good  polish. 
Martite.     A  hematite  pseudomorph  after  magnetite. 
Massive.     Without  definite  form  or  shape. 
Meerschaum.     Synonym  of  sepiolite. 
Megascopic.     Can  be  seen  with  the  naked  eye. 
Melanite.    A  variety  of  andradite  garnet. 
Menacconite.     Synonym  of  ilmenite. 
Mercury  minerals.     Cinnabar;  mercury. 
Metals.     Elements  which  replace  the  hydrogen  of  acids. 
Metalloids.     Semi-metals  such  as  As,  Sb,  and  Bi. 
Metasilicates.     Salts  of  HaSiOg.  ' 
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omatic  replacement   The  replacement  of  a  rock  body  or  vein,  in  which 

lie  original  structure  is  retained. 

omatism.     The  same  as  metasomatic  replacement. 

rites.     Celestial  bodies  composed  of  iron,  and  various  silicates  which 

ccasionally  enter  the  earth's  atmosphere. 

lene  iodid.     A  heavy  liquid  used  in  specific  gravity  determinations! 

A  group  of  silicate  minerals. 
eous.     Made  up  of  readily  separable  plates. 

chemical  tests.     Chemical  tests  made  on  a  small  scale.     The  form, 
olor,  and  optical  properties  of  the  minute  crystals  produced  are  used. 
cosmic  salt.     The  same  at  salt  of  phosphorus, 
lites.     Minute  crystals  found  in  obsidians  and  related  rocks, 
perthite.     An  intergrowth  of  albite  with  orthoclase  or  microcline. 
indices.     Mathemathical  symbols  for  crystal  faces, 
tic  twinning.  The  tendency  of  twinning  to  raise  the  grade  of  symmetry 
nd  thus  to  imitate  other  crystals. 
:kel.     Synonym  of  arsenopyrite. 

ular  compounds.     Compounds  such  as  MgSO^KCl-SHgO  which  are 
mtten  as  if  they  consist  of  separate  molecules. 
»denum  minerals.     Molybdenite,  wulfenite. 
(dates.     Salts  of  H2M0O4.  ' 

chromatic.     Light  of  one  color  or  approximately  one  wave-length. 
clinic  system.     The  system  which  includes  crystals  with  one  fixed 
irection  of  symmetry. 

stone.     Avariety  of  orthoclase  used  as  a  gem. 
lology,  crystal.     The  same  as  geometrical  crystallography. 
tain  cork.     A  porous  variety  of  tremolite. 
tain  leather.     A  variety  of  tremolite  resembling  leather. 
ic.     A  local  miner's  name  for  pyrite  or  marcosite. 

>  elements.     Elements  that  occur  in  nature  uncombined. 
ive  crystal.     A  cavity  within  a  crystal  of  the  same  shape  as  the  crystal. 
ive  elongation.     The  length  of  a  crystal  is  parallel  to  the  faster  ray. 
ive,  optically.     Uniaxial  crystals  in  which  c  =  a  and  biaxial  crystals  in 
hich  the  acute  bisectrix  is  a. 
line.     Same  as  nepheUte. 
line-syenite.     Same  as  nephelite-syenite. 

lite-syenite.     A  plutonic  igneous  rock  composed  essentially  of  ortho- 
Ase  and  nephelite. 
minerals.     Garnierite,  millerite,  and  niccolite. 

A  nicol  prism, 
prism.    A  piece  of  Iceland  spar  arranged  so  as  to  produce  polarized 
ght. 


r 


502  GLOSSARY 

Niobates.     Salts  of  HjNbO,  and  HNbO,. 

Niobium  minerals.     Columbite. 

Nitrates.     Salts  of  HNO3. 

Nitratine.     Synonym  of  soda-niter. 

Nodular.     Consisting  of  a  rounded  lump. 

Non-metallic.     Any  luster  but  metallic. 

Normal  salt.     A  salt  in  which  all  the  hydrogen  of  the  acid  has  been  re[^ 

by  metals. 
Norite.     A  gabbro  in  which  the  ferro-magnesium  mineral  is  largely  b 

sthene. 

Obsidian.     A  natural  volcanic  glass  of  vitreous  luster. 

Obtuse  bisectrix.     The  line  bisecting  the  obtuse  angle  between  tk 

axes. 
Obtuse  rhombohedron.     A  rhombohedron  with  interf  acial  angle  less  tha:  | 
Ocher.     A  clay  colored  by  iron  oxids. 
Octahedron.     An  isometric  crystal  with  eight  triangular  faces  at  u^ 

70°  32'. 
OctahedriU  cleavage.     Cleavage  in  four  directions  parallel  to  the  faces 

octahedron. 
Omphacite.     A  bright  green  variety  of  diopside  occurring  in  eclogitej 
Onyx.     A  banded  variety  of  chalcedony. 
Onyx  marble.     A  banded  variety  of  calcite  or  aragonite. 
Onyx,  Mexican.     The  same  as  onyx  marble. 
Oolite.     A  rock  made  up  of  minute  spheres. 
051itic.     Made  up  of  minute  spheres. 
Opalescence.     The  peculiar  milkiness  seen  in  opal. 
Opalized  wood.     Wood  replaced  by  opal. 

Open  forms.     Crystal  forms  that  do  not  enclose  space  of  themselves 
Ophicalcite.     A  serpentine  veined  or  mottled  with  calcite,  dolos 

magnesite. 
Optical  anomalies.     AbnormaUties  in  the  optical  properties. 
Optical  character.     The  designation  as  to  whether  optically  posi'. 

optically  negative. 
Optical    constants.     The    indices   of    refraction,    axial    angle,  ext 

angle,  etc. 
Optical  orientation.     The  position  of  a,  p,  and  r  with  respect  to  the  - 

reference,  a,  6,  and  c. 
Optic  axes.     Two  directions  normal  to  the  circular  sections  of  the  ini " 

for  biaxial  crystals. 
Optic  axis.     The  direction  of  the  c-axis  in  uniaxial  crystals. 
Optics,  crystal.     The  subject  which  treats  of  the  transmission  of  ^r 

crystals. 
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Ordinary  ray.     In  doubly  refracting  crystals  the  ray  which  produces  the 

stationary  image. 
Organic  deposits.     Kocks  and  other  deposits  formed  by  organisms  or  their 

remains. 
Oriental  amethyst.     A  purple  variety  of  corundum. 
Oriental  emerald.     A  green  variety  of  corundum. 
Oriental  sapphir^.     The  true  sapphire,  a  variety  of  corundum. 
Oriental  ruby ."'^M?  true  ruby,  a  variety  of  corundum. 
Oriental  topaz.     A  yellow  variety  of  corundum.  ' 

Orientation,  optical.     The  position  of  the  indicatrix  axes  a,  p,  and  T  with 

respect  to  the  axes  of  reference  a,  6,  c. 
Orient  to  a  crystal.     Is  to  set  up  with  the  axes  of  reference  in  their  con- 

ventionfCTposition. 
Ortho-axis.     The  6-axis  in  the  monoclinic  system. 
Orthodome.     The  forms  \hol\  and  {hol\  in  the  monoclinic  system. 
Orthograpliic  drawing.     A  drawing  made  by  perpendicular  projectors. 
Orthopinacoid.     The  form  {100}  in  the  monoclinic  system. 
Orthorhombic  system.     The  system  which  includes   crystals  with  three 

fixed  directions  of  symmetry. 
Orthosilicates.     Salts  of  H^SiO^,  the  normal  silicic  acid. 
Oxids.     Compounds  of  elements  with  oxygen. 
Oxy-chlorid.     A  compound  of  the  type  R3OCI  or  RgO  •  RCl. 
Oxy-salt.     Ordinary  salts  as  distinguished  from  sulfo-salts. 
Oxy-sulfid.     A  compound  of  the  type  R^OS  or  RjO  •  RgS. 

Paragenesis.     The  association  of  minerals  with  special  reference  to  the 

occurrence  and  origin. 
Paragenetic  varieties.     Varieties  based  upon  mode  of  occurrence  and  origin. 
Parallel  growth.     Two  or  more  crystals  with  corresponding  faces  parallel. 
Parameters.     The  intecepts  of  the  unit  face  on  the  axes  of  reference. 
Paramorph.     The  pseudomorph  of  one  dimorphous  mineral  after  another. 
Parting.     A  separation  caused  by  molecular  disturbance  such  as  twinning. 
Peacock  copper.     Synonym  of  chalcopyrite. 
Pearl-spar.     A  synonym  of  dolomite. 

Pearly  luster.     The  luster  due  to  continued  reflection  from  parallel  plates. 
Pedial  class.     The  class  without  any  symmetry. 
Pedion.     A  form  consisting  of  a  single  face. 
Pegmatites.     Coarse  vein-like  deposits  occurring  in  plutonic  igneous  rocks 

especially  granite. 
Pentagonal  dodecahedron.     Another  name  for  the  pyritohedron. 
Percussion-figure.     A  six-rayed  star  developed  on  the  micas  by  a  sharp 

blow. 
Pericline.     A  variety  of  albite  elongated  in  the  direction  of  the  6-axis. 
30 
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Peridot.     The  gem  variety  of  alivine. 

Peridotite.     A  plutonic  igneous  consisting  essentially  of  alivine  and? 

pyroxene. 
Perthite.     An  intergrowth  of  albite  with  orthoclase  or  microcline. 
Petrifaction.     The  replacement  of  fossils  by  mineral  substances. 
Petrography.     The  science  treating  of  rocks  especially  from  the  descii: 

side. 
Petrographic  microscope.     The  same  as  polarizing  microscope. 
Petrographic  province.     A  region  in  which  the  igneous  rocks  are  supp 

to  have  a  common  origin. 
Petrology.     The  study  of  rocks  from  a  broad  standpoint. 
Phantom  crystal.     A  cystal  in  which  an  earlier  stage  of  crystalUzat: 

marked  in  some  way. 
Phenocryst.     Crystals  scattered  through  a  fine  ground-mass  and  fc" 

before  the  ground-mass. 
Phonolite.    A  volcanic  rock  composed  essentially  of  orthoclase  an^  nephe. 
Phosphate  rock.     An  impure  massive  calcium  phosphate. 
Phosphorite.     Pra6tically  a  synonym  of  phosphate  rock. 
Picotite.     A  chrome-bearing  variety  of  spinel. 
Pinacoid.     A  form  consisting  of  two  parallel  faces. 
Pinacoidal  class.     The  class  with  a  center  of  symmetry. 
Pisolitic.     Made  up  of  spheres  about  the  size  of  buck-shot. 
Pitch -blende.     A  synonym  of  uraninite. 
Placers.     Stream  deposits  of  sand  and  gravel. 
Plagioclase.     A  group  of  soda-lime  feldspars. 

Plaster  tablets.     Thin  rectangular  plates  used  as  a  blowpipe  support. 
Pleochroism.     The  property  of  absorbing  different  kinds  of  light  in  difi: 

directions. 
Pleonaste.     An  iron-bearing  variety  of  spinel. 
Plumose.     Feather-like. 
Plutonic  rocks.     Deep-seated  igneous  rocks. 
Poikilitic.     A  term  referring  to  inclusions,  irregularly  arranged  thro- 

crystal. 
Polar  edges.     Polar  edges  are  those  that  intersect  the  c-axis. 
Polarized  light.     Light  in  which  the  vibrations  are  in  one  plane. 
Polarizer.     The  lower  nicol. 
Pole.     The  projection  of  a  crystal  face  on  a  sphere  made  by  a  radius  n 

to  the  face. 
Polyhedron.     A  general  name  for  a  solid  bounded  by  plane  faces. 
Polymorphism.     The  occurrence  of  a  substance  in  two  or  more  modifiu 

which  differ  in  crystallization. 
Polysynthetic  twin.     A  twin  made  up  of  three  or  more  parts  in  whii* 

same  face  serves  as  twin-plane. 
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Positive  elongation.     The  length  of  the  crystal  is  parallel  to  the  slower  ray. 
Positive,  optically.     Uniaxial  crystals  in  which  c^y  and  biaxial  crystals  in 

which  the  acute  bisectrix  is  ;'. 
Potash.     K3O. 
Potassium  minerals.     Alunite,  biotite,  carnallite,  kainite,  lepidohte,  leucite, 

microcline,  muscovite,  sylvite. 
Porphyry.     An  igneous  rock  with  porphyritic  texture. 
Porphyritic.     With  crystals  set  in  a  fine  ground-mass. 
Precious  opal.     A  variety  of  opal  with  a  play  or  colors. 
Primitive  circle.     The  great  circle  in  the  plane  of  projection  (stereographic 

projection). 
Primitive  form.     A  form  from  which  other  forms  may  be  derived. 
Principal  axis.     The  c-axis  in  tetragonal  and  hexagonal  crystals . 
Ehiism.     An  open  form  with  faces  all  in  one  zone. 
Ehrismatic  class.     The  class  with  the  symmetry  AgP-C. 
E^smatic  habit.     Applied  to  crystals  that  are  elongated  in  one  direction. 
Ehrojection,  gnomonic.     A  projection  made  on  a  plane  tangent  to  a  sphere. 
E*rojection,  linear.     A  projection  formed  by  crystallographic  planes;  shifted 

so  that  they  cut  the  unit  length  of  the  c-axis,  on  a  horizontal  plane. 
Projection,  stereographic.     A  projection  made  on  a  plane  though  the*  center 

of  a  sphere  by  projectors  from  the  south  pole. 
Pseudo-hexagonal.     Orthorhombic  or  monocUnic  crystals  which  simulate 

crystals  of  the  hexagonal  system. 
Pseudomorph.     A  mineral  with  the  crystal  form  of  another  mineral. 
Pyknometer.     A  small  flask  for  specific  gravity  determinations. 
E'3nrainid.     An  open  form  consisting  of  several  faces  meeting  in  a  point. 
Pyramidal  habit.     With  the  general  shape  of  a  pyramid. 
Pyrargyrite. 
Pyrites.     Synonym  of  pyrite.     Also  used  for  other  minerals,  e.g.,  copper 

pyrites. 
Pyritohedron.     The  form  \hko]  in  isometric  diploid  class. 
Pyroclastic.     Made  up  of  fragmental  volcanic  products. 
Pyroelectric.     The  property  of  developing  electricity  on  heating  or  cooling. 
Pyrognostic  tests.     The  same  as  blow-pipe  tests. 
Pyrope.     A  sub-species  of  garnet  containing  Mg  and  Al. 
Pyroxene.     A  name  sometimes  used  for  diopside  and  auglte  together. 
Pyroxene  group.     A  group  of  metasilicate  minerals. 
Pyroxenite.  A  plutonic  igneous  rock  composed  essentially  of  some  pyroxene. 

Quarter-undulation.     Refers  to  one-fourth  of  a  wave-length  for  sodium 

light. 
Quartzite.     A  metamorphic  rock  made  up  firmly  of  cemented  quartz  grains 
Quartz-wedge.     A  wedge-shapes^  slice  of  quartz  used  in  optical  work. 
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Quicksilver.     A  synonym  of  mercury. 

R.     A  general  symbol  standing  for  some  metal  as  RCO,. 

Radical.     A  group  of  elements  such  as  NH^or  SO4. 

Radium.     An  element  found  in  uraninite. 

Rare-earth  metals.     Cerium,  didymium,  erbium,  lanthanum,  tfaoriu: 

ythrium. 
Rational  indices.     The  indices  of  crystal  faces  are  rational  numbers  11 

simple  numbers  below  6. 
Reduction.     The  taking  away  of  oxygen  or  the  change  to  a  lower  j'j 

oxidation. 
Reduction,  color  tests.     Tests  made  with  NaHOg  beads  and  tin. 
Reflection  goniometer.     An   instrument  for   measuring   interfscial  i 

coordinate  angles. 
Reflection,  total.     The  turning  back  of  light  rays  when  the  critical  a:J 

exceeded. 
Refraction.     The  bending  of  light  rays  when  passing  from  one  medij: 

another. 
Refraction,  index  of.     A  number  to  express  the  amount  of  refraction 
Refractometer.     An  instrument  for  determining  the  index  of  refract; : 
Regular  system.     Same  as  the  isometric  system. 
Relief.     The  appearance  of  a  substance  as  depending  upon  its  iu  ^ 

refraction  and  that  of  a  substance  in  which  it  is  embedded. 
Reniform.     Kidney-shaped. 
Replacement     Substitution  of  a  rock  or  vein  by  mineral  matter.    • 

substitution  of  an  element  or  radical  by  other  element  or  radica. 
Resinous.     The  luster  of  resin. 
Reticulate.     Made  up  of  a  net-work. 

Rhombic  bipyramid.     A  bipyramid  with  rhombic  cross-section. 
Rhombic  prism.     A  prism  with  a  rhombic  cross-section. 
Rhombic  system.     Same  as  orthorhombic  system. 
Rhombohedral  class.     The  crystal  class  with  the  symmetry  iPg. 
Rhombohedron.     A  six-faced  form  resembling  a  distorted  cube. 
Rhyolite.     A  volcanic  igneous  rock  composed  essentially  of  qiwr^' 

orthoclase  with  more  or  less  glass. 
Rock.     An  essential  part  of  the  earth's  crust. 
Rock  cystal.     The  clear  transparent  variety  of  quartz. 
Rock  salt.     Synonym  of  halite. 
Rubellite.     The  pink  or  red  variety  of  tourmaline. 
Ruby.     The  red  transparent  variety  of  corundum. 
Ruby  copper.     Synonym  of  cuprite. 

Ruby  silver.     A  group  name  including  pyrargyrite  and  proastite. 
Rutiliated  quartz.     Quartz  penetrated  by  needles  of  rutile. 
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Sjmonym  of  haUte. 

it  phosphorus.     Sodium  ammonium  phosphate,  a  reagent  used  in  blow- 
pipe analysis. 

.  acid.     Salts  in  which  only  a  part  of  the  hydrogen  of  the  acid  has  been 

replaced  by  metals. 

»  basic.     Salts  in  which  only  part  of  the  hydroxyl  of  the  base  has  been 

replaced  by  acid  radicals. 

^  normal.     Salts  in  which  hydrogen  of  acid  and  hydroxyl  of  base  have 

been  replaced. 

stone.     A  sedimentary  rock  composed  of  consolidated  sand. 

line.     A  glassy  transparent  orthoclase  occurring  in  volcanic  rocks. 

hire.     A  blue  transparent  variety  of  corundum. 

L-spar.     A  fibrous,  variety  of  gypsum. 

snohedron.     A  twelve-faced  form  with  the  symmetry  Aj-SAg-SP  and 

with  alternate  interfacial  angles  equal. 

olite.     A  synonym  of  wemerite. 

Her.     A  bronze-Uke  reflection  caused  by  inclusions. 

St.     A  metamorphic  rock  which  spUts  into  thin  layers.  . 

stose.     Splitting  into  thin  layers. 

>rl.     An  old  name  for  tourmaline. 

•ndary.     Minerals  formed  subsequent  to  those  of  the  main  rock  mass 

are  said  to  be  secondary. 

ile.     Capable  of  being  cut  by  a  knife  but  not  flattened  under  the  hammer. 

mentary.     Laid  down  in  water. 

nite.  The  cleavable  variety  of  gypsum. 

nite  plate.     A  plate  of  selenite  which  gives  a  purplish-red  interference 
color  of  the  first  order  with  crossed  nicols. 

i-opal.    Common  opal  as  distinguished  from  precious  and  fire  opal. 

sitive  tint     The  purple  interference  color  given  by  a  selenite  plate  (red 
of  the  first  order). 

cite.     A  silvery  variety  of  muscovite,  usually  secondary. 

>entine  (mineral).     The  mineral. 

)entine  (rock).     A  metamorphic  rock  formed  from  a  peridotite. 

)entinization.     The  change  of  peridotite  to  serpentine  rock. 

le.     A  clastic  rock  formed  by  the  consolidation  of  fine  aluminous  sedi- 
ments. 

:ates.    Salts  of  silicic  acid. 

A  dike-Uke  igneous  rock  parallel  to  sedimentary  beds. 

er  glance.     Synonym  of  argentite. 

er  minerals.     Argentite,  cerargyrite,  polybasite,  proustite,  pyrargyrite, 
silver,  stephanite,  sylvanite. 

leton  crjTstals.     Hollow  or  imperfectly  developed  crystals  formed  by 
rapid  crystallization. 
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Slate.     Thinly   cleavable   fine   grained   metamorphic    rocks   fonnec 

shales. 
Sixialt.     Cobalt  silicate  used  as  a  pigment. 

Smoky  quartz.     A  variety  of  quartz  colored  by  a  brownish  pigment. 
Soda.     (1)  Sodium  carbonate,  a  blowpipe  reagent.      (2)   Nskfi. 
Sodalite.     A  massive  talc  rock. 

Sodium  metaphosphate.     A  reagent  used  in  blowpipe  analysis,  NaPU; 
Sodium  minerals.     Aegirite,  albite,  analcite,  borax,  cryolite,  glauco;. 

halite,    lazurite,    mirabilite,    natrolite,    nephelite,    pectolite,  s-^i 

soda-niter,  trona  ulexite,  wemerite, 
Specfiic  gravity.     The  weight  of  a  substance  compared  with  an  eqni 

of  water. 
Specular  iron  ore.     A  synonym  of  hematite. 
Specularite.     A  synonym  of  hematite. 

Spessartite.     A  sub-species  of  garnet  containing  Mn  and  Al. 
Sphene.     A  synonym  of  titanite. 

Sphenoid.     A  form  consisting  of  faces  not  astride  a  plane  of  symmetn 
Sphenoidal  class.     The  class  with  an  axis  of  2-fold  symmetry. 
Stalactite.     Icicle-like  crystalline  aggregates. 
Stalactitic.     Referring  to  stalactites. 
Steatite*     A  massive  talc  rock. 

Stereogram.     A  stereographic  projection  of  a  crystal. 
Stereographic  projection.     A  projection  made  on  a  plane  through  the  -t 

of  a  sphere  by  projectors  from  the  south  pole. 
Stratified  rocks.     Rocks  made  up  of  layers  and  usually  formed  in  Water 
Streak.     The  color  of  the  powder  of  a  mineral. 
Streak -plate.     A  piece  of  unglazed  porcelain  for  testing  the  streak. 
Stream -tin.     A  variety  of  cassiterite  found  in  the  form  of  pebbles  or  sa* 

placers. 
Strontium  minerals.     Celestite,  strontianite. 

Sub-.     A  prefix  indicating  a  lower  quality  or  degree  than  the  normal 
Subsilicates.     Silicates  of  the  type  nROSiOg  (n>2). 
Sulfantimonates.     Salts  of  HgSbS^. 
Sulfantimonites.     Salts  of  HsSbSs- 
Sulf arsenates.     Salts  of  HgAsS^. 
Sulfarsenites.     Salts  of  H3ASS3. 
Sulfates.     Salts  of  HaSO^. 

Sulfids.,    Salts  of  HjS  or  compounds  of  the  metals  and  semi-metals  w:' 
Sulfo-acids.     Acids  of  the  type  HgAsS^,  HgAsS,,  etc. 
Sulfo-salts.     Salts  of  the  type  R'3AsS4,  in  which  O  of  ordinary  salts  hs^ 

replaced  by  S. 
Supplementary  twinning.     Twinning  by  which  a  crystal  simulates  the  * 

metry  of  a  crystal  class  with  higher  grade  in  the  same  system. 
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Symbols  of  crystal  faces.     Mathematical   expressions   for   designating   the 

position  of  crystal  faces  on  coordinate  axes. 
Symmetry.     The  rhythmical  recurrence  of  faces ;  edges  and  vertices. 
Symmetry^  axis  of.     A  line  about  which  a  crystal  may  be  revolved  so  it 

occupies  the  same  position  in  space. 
Symmetry,  center  of.     A  crystal  that  for  every  face  has  a  similar  opposite 

parallel  face  has  a  center  of  symmetry. 
Sjrmmetry,  composite.     The  recurrence  of  faces,  etc.,  by  rotation  about  an 

axis  combined  with  reflection  in  a  plane. 
Symmetry,  plane  of.     A  plane  that  divides  a  crystal  into  two  parts  so  that 

similar  faces  occur  on  opposite  sides  of  the  plane. 
Syenite.     A  plutonic  igneous  rock  composed  principally  of  orthoclase. 
Synthesis,  mineral.     The  artificial  production  of  minerals. 
Systems,  crystal.     Crystals  which  have  the  same  kind  of  axes  of  reference 

constitute  a  system. 
Symmetrical  Dispersion.     The  dispersion  which  produces  an  interference 

figure  with  color  distribution  symmetrical  to  trace  of  axial  plane  and 

also  to  a  line  normal  to  this. 

Tabular  habit.     The  crystal  habit  due  to  limited  growth  in  one  direction. 

Talc-schist.     A  talc  rock  that  splits  in  thin  layers. 

Tantalum  minerals.     Columbite. 

Tarnish.     A  surface  layer  usually  caused  by  oxidation. 

Tellurids.     Salts  of  H^Te. 

Tellurium  minerals.     Calaverite  sylvanite. 

Tenorite.     Synonym  of  melaconite. 

Tetartohedral.     Classes  in  which  the  general  form  has  one-fourth  the  number 

of  faces  of  the  general  form  of  the  holohedral  class. 
Tetartoid.     The  twelve-faced  general  form  of  the  tetartoidal  class. 
Tetartoidal  class.     The  class  with  the  symmetry  SAg*  4A3. 
Tetartopyramid.     The  form  \hkl]  in  the  triclinic  system. 
Tetragonal  system.     The  system  which  includes  the  crystal  classes  with  a 

single  axis  of  four-fold  symmetry. 
Tetrahedron.     A  form  consisting  of  four  equilateral  triangular  faces. 
Tetrahexahedron.     The   twenty-four  faced   form    \hko\   of  the  isometric 
system. 

Texture.     The  mutual  relations  of  the  minerals  in  a  rock. 

Thin  section.     A  paper-thin  slice  of  a  rock  or  a  mineral. 

Thoria.    The  oxid  of  thorium,  ThOa. 

Tiger's-eye.     A  quartz  pseudomorph  after  fibrous  crocidolite  (a  soda  amphi- 
bole).' 

Tin  minerals.     Cassiterite,  stannite. 

Tin-stone.     A  synonym  of  xjassiterite. 
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Tin-stone  veins.     Veins  intermediate  between  ordinary  veins  and  pegi 

tites. 
Titanium  minerals.     Ilmenite,  rutile,  titanite. 
Total  reflection.     The  turning  back  of  light  rays  when  the  critical  ang.: 

exceeded. 
Touch  stone.     A  black  variety  of  chalcedony  used  for  testing  the  streak 

gold  and  other  metals. 
Trachyte.     A  volcanic  igneous  rock  composed  principally  of  orthoclase. 
Trap.     A  dense  black  igneous  rock  usually  either  basalt  or  diabase. 
Trapezohedron,  hexagonal.     The  12-faced  form  with  the  symmetry  A /' A 
Trapezohedron,  isometric.     The  24-faced  form  \hkk\  in  the  hexoctahe 

diploidal,  and  gyroidal  classes  of  the  isometric  system. 
Trapezohedron,  tetragonal.     The  8-faced  form  with  the  symmetry  A,4A, 
Trapezohedron,  trigonal.     The  6-faced  form  with  the  symmetry  Aj-SA,. 
Travertine.     A  banded  calcium  carbonate  rock  formed  from  water  solun 
Triclinic  system.     Includes  the  crystal  classes  without  any  fixed  directio: 

symmetry. 
Trigonal  pyramidal  class.     The  class  with  the  symmetry  A3. 
Trigonal  trapezohedral  class.     The  class  with  the  symmetry  Aa-SAj. 
Trilling.     A  twin  crystal  with  three  individuals  or  parts. 
Trimorphism.     The  same  substance  in  three  different  modifications. 
Trisoctahedron.     An  isometric  form  of  24  faces  with  the  symbol  \hll\. 
Tristetrahedron.     An  isometric  form  of  12  faces  with  symbol  {hkkl. 
Troostite.     A  variety  of  willemite  containing  Mn. 
Truncation.     The  modification  of  an  edge  by  a  face  that  makes  eqiwl  3D£ 

with  adjacent  faces. 
Tufa,  calcareous.     A  porous  deposit  of  calcium  carbonate  formed  by  ^'^' 

solution. 
Tufif.     A  fragmental  volcanic  rock. 
Tungstates.     Salts  of  HaWO^. 

Tungsten  minerals.     Hubnerite,  scheelite,  wolframite. 
Turkey-fat  ore.     A  yellow  variety  of  smithsonite  containing  cadmium. 
Turmeric  paper.     Paper  used  for  testing  borates  and  zirconium. 
Twin -axis.    The  line  about  which  one  part  of  the  twin  has  apparec* 

been  resolved. 
Twin-crystals.     Crystals  in  which  one  part  is  in  reversed  position  ^ 

respect  to  the  other. 
Twin-plane.     A  plane  normal  to  the  twin-axis. 
Type  S3rmbols.     General  symbol  hkl,  etc.,  for  crystal  faces. 

Ultrabasic  rocks.     Igneous  rocks  with  less  than  about  35  per  cent,  of  silif^ 
Uranium  minerals.     Uraninite. 
Unit  bipyramid.     The  form  1 1 11  j . 
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The  form  (lll[  or  |10Tl|. 
The  form  {110|. 
•    The  form  Illl). 
^t  series  of  bipyramids.    The  forms  |A«j. 

r^mU^    "Sf J:  ^^"•^""'-Ph  after,  or  alteration  of,  augite. 
^arovite.     A  sub-species  of  garnet  containing  Ca  and  Cr. 

anadates.     Salts  of  H.VO,. 
apadium  minerals.     Vanadinite. 

■S^«on  ZclT"^"^"^  '''^"^'^  ''^  ^**«'  solutLs'usually  in  fissures. 
-icin^  i^r^TT.    .  ,^^  ^^""^  "^  extinction  directions. 

^t?:rmpSSs    "^  "'*'  ''«''  ^■^•^'*'^«  '^^^'^-'^  -  -Pl--«  f"^- 

^olc^c  S"  •        r  ^^*«'»«'»tal  volcanic  deposit. 
^olc^^o  r  T"**  T  ^  '^'"^  fragniental  volcanic  deposit. 

W.  ^'''"'  '"''''  ^•''"^  "^^'^^^^  **  »'  "le*'  the  earth's  sur- 

^S*"i  !^^-f  "^  """""^  ?'  ^^''  consolidated  fragmental  volcanic  rock. 
^tig.     A  cavity  ,n  a  rock  or  vein  usually  lined  with  crystals. 

^^''^brSn.  ^^  '^''**'"'^  wave-motion  of  Ught  is  transmitted  during  one 
Weathering.    Superficial  alteration. 

TS^L.  '''^^*^"«'*P''-  «y-bols  involving  intercepts  on  the  axes 

"^^l^'t^S^a'Tiqutd.^'^"*  "^'""*"^  '^'  '^^""•'"''^  *^«  «P«-fic 

w^'°?"?l   ^  """"^^y  **'  ^^P*'  '°™«<i  by  the  replacement  of  wood 

w  ood  sihcified.    Chalcedony  or  opal  formed  by  the  replacement  of  wood 

Yellow  ocher.    A  clay  colored  by  limonite. 

f°Utes.  A  group  of  hydrous  silicates. 
™<i  blende.  A  synonym  of  sphalerite. 
""C  minerals.    Calamine,  franklinite,  hydrozincite,  smitKc 

Is,  zincite.  ^t^SQnite,  sphalerite, 

tificial  zinc  oxid  used  as  paint, 
of  zirconium,  ZrOj. 
rals.     Zircon. 
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Zonal  relations.     The  mathematical  relations  of  face    symbols  and : 

symbols. 
Zone.     A  belt  of  planes  on  a  crystal,  the  intersection  edges  of  which 

parallel. 
Zone  axis.     The  direction  of  the  intersection  edges  of  the  faces  of  a  zone 
Zone  circle.     A  great  circle  containing  the  poles  of  all  the  crystal  face^^ 

zone. 
Zone  S3rmbol.     A  symbol  written  thus  [uvw]  to  distinguish  it  from  a  fao* 

form  symbol. 
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Abrasives,  467 
Absorption,  146 
Achroite,  430 
Acids,  166 
Acid  salt,  168 
Actinolite,  402 
Acute  bisectrix,  139 
Adamantine,  111 
Adularia,  387 
Aegirite,  398 
Agate,  307 
Alabandite,  277 
Alabaster,  467 
Albite,  390 
Alexandrite,  466 
AUanite,  423 
Allophane,  445 
Almandite,  412 
Alteration,  451 
Alum,  483 
Aluminates,  318 
Aluminum,  ores  of,  473 

tests  for,  195 
Alundum,  469 
Alunite,  379 
Amazon-stone,  388 
Amblygonite,  359 
Amethyst,  305 

oriental,  311 
Ammonium,  tests  for,  196 
Amorphous,  68 
Amphibole,  401 
Amalcite,  443 
Analyzer,  124 
Andalusite,  419 
Andesine,  390 


Andesite,  454 
Andradite,  412 
Angle,  axial,  139 

interfacial,  4 
Anglesite,  371 
Anhydrite,  373 
Anisotropic,  137 
Ankerite,  340 
Anorthite,  39Q 
Antimony,  262 

ores  of,  474 

tests  for,  196 
Apatite,  354 
Apophyllite,  440 
Apparatus,  blowpipe,  176 
Aquamarine,  404. 
Aragonite,  344 
Argentite,  273 
Arsenates,  352 
Arsenic,  261 

tests  for,  196 
Arsenical  pyrites,  285 
Arsenopyrite,  285 
Asbestos,  468 

Association  of  minerals,  448 
Asterism,  78 
Asymmetric  class,  419 

dispersion,  150 
Atacamite,  303 
Augite,  397 

Atomic  weights,  table  of,  164,  165 
Axes  of  reference,  15 

of  symmetry,  6 
Axial  angle,  139 

cross,  99 

elements,  94 
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Axial  plane,  138 

ratio,  17 
Axinite,  424 
Azurite,  349 

Barite,  369 
Barium,  tests  for,  196 
Barytes,  370 
Basalt,  454 
Basic  rocks,  454 

salts,  168 
Batholith,  453 
Bauxite,  329 
Bead  tests,  187 
Becke  test,  117 
Berlin  blue,  155 
Beryl,  404 

Beryllium,  tests  for,  197 
Biaxial,  138 
Bipyramid,  13 
Biotite,  428 
Bisectrix,  139 
Bismuth,  263 

tests,  186 
ores  of,  474 
tests  for,  197 
Bismuthinite,  272 
Bisphenoid,  13 
Blende,  275 
Blowpipe,  175 

analysis,  175 
Bog  iron  ore,  328 

manganese,  331 
Borates,  364 
Boracite,  366 
Borax  bead  tests,  186 

mineral,  367 

reagent,  178 
Bornite,  290 

tests  for,  197 
Botryoidal,  67 
Bournonite,  291 
Breccia,  456 


Brittle  mica,  434 

silver  ore,  295 
Brochantite,  374 
Bronze  mica,  429 
Brucite,  329 
Bytownite,  39a  . 

Calamine,  405 
Calaverite,  286 
Calcareous  tufa,  459 
Calcite,  332 
Calc-spar,  333 
Calcium,  tests  for,  197 
Calculation,  crystal,  88 
Cane-sugar,  37 
Carbonado,  469 
Carbonates,  332 

tests  for,  198 
Carborundum,  469 
Carnallite,  303 
Cassiterite,  314 
Celestite,  371 
Center  of  symmetry,  7 
Cerargyrite,  300 
Cerussite,  347 
Chabazite,  443  t 
Chalcanthite,  378 
Chalcedony,  307 
Chalcocite,  274 
Chalcopyrite,  289 
Charcoal,  176 
Chatoyant,  589 
Chalybite,  341 
Chessylite,  349 
Chemical  formulae,  169 

tests,  252 
Chlorids,  297 
Chlorin,  tests  for,  198 
Chlorite,  434 
Chondrodite,  425 
Chrome  garnet,  412 
Chrome  iron  ore,  422 
Chromite,  322 
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ites,  318 

ium,  ores  of,  478 

•ests  for,  199 

►beryl,  322 

»colla,  446 

>lite,  413 

>tile,  435 

>ar,  277 

i  cation  of  crystals,  20 

'  minerals,  253 

;,  456 

456 

Lge,  103 

L  tube  tests,  183 

I  form,  14 

b,  tefcts  for,  199 

.a.nite,  365 

chart,  131 

f  minerals,  112 

\y  interference,  125 

ibite,  352 

i  nation,  3 

inar,  67 

lementary  forms,  14 

osition  face,  63 

osite  symmetry,  7 

Loidal  fracture,  105 

etion,  67 

omerate,  456 
•uent  forms,  14 

i,ct  goniometer,  4 

netamorphism,  459 

win,  63 

.pite,  379 

sr,  265 

ires  of,  475 

ests  for,  199 

er  glance,  274 

)yrites,  289 

erite,  430 

idum,  311 

lute,  278 

tal  angle,  116 


Oocoite,  373 
Crossed  nicols,  124 

dispersion,  150 
CryoUte,  302 
Crystal,  3 

class,  21 
Crystalline  aggregates,  67 

limestone,  460 
Crystallites,  75 
Cube,  57 
Cupellation,  190 
Cuprite,  309 
Cyanite,  420 
Cyclic  twin,  64 
Cyrolite,  302 

DatoUte,  420 

Deltohedron,  61 

Dendritic,  67 

Determination  of  minerals,  209 

Dialloge,  396 

Diamond,  257 

Diaspore,  326 

Diopside,  395 

Dichroic,  147 

Dichroscope,  146 

Dike,  453 

Diploid,  59 

Diploidal  class,  59 

Dimorphism,  172 

Dihexagonal  bipyramidal  class,  45 

P3n*amidal  class,  47 
Ditetragonal  bipjrramidal  class,  39 

pjrramidal  class,  42 
Ditrigonal  bip3n*amidal  class,  55 

pyramidal  class,  50 

scalenohedral  class,  48 
Diorite,  416 
Diopside,  395 
Dispersion,  149 
Dodecahedron,  57 
Dolomite,  338 
Dome,  11 
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Domatic  class,  36 
Double  refraction,  120 
Drawing  of  crystals,  97 

Edge,  3 

ElfiBolite,  419 

Elastic,  107 

Electrum,  264 

Elements,  257 
axial,  94 
chemical,  164 
of  symmetry,  7 

Emerald,  464 

Emery,  468 

Enantiomorphous,  14 

Enargite,  296 

Endlichite,  355 

Enstatite,  394 

Epidote,  422 

Epsomite,  377 

Erthyrite,  361 

Erubescite,  290 

Essonite,  415 

Etch-figures,  108 

Ether,  113 

Extinction,  133 
angle,  134 
direction,  133 

Extraordinary  ray,  120 

Extrusive,  453 

Face,  3 
Fahlerz,  293 
Feldspars,  385 
Ferro-alloys,  479 
Fertilizers,  470 
Fibrous,  67 
Flame,  oxidizing,  181 

reducing,  181 

tests,  182 
Flexible,  107 
Fluorids,  297 
Fluorin,  tests  for,  199 
Fluorite,  300 


Fluxes,  471 
Fool's  gold,  280 
Form,  10 

closed,  14 

open,  14 
Formula,  waght,  400 
Fowlerite,  4C ' 
Fracture,  1( 
FrankUnit^,  321 
Freibergite,  293 
Fusibility,  scale  of,  189 

Gabbro,  454 

Galena,  273 

Galenite,  273 

Gangue,  458 

Garnet,  411 

Garnierite,  445 

Gems,  466 

General  form,  21 

Geode,  67 

Geyserite,  457 

Glass  tubing,  177 

Glaucophane,  404 

Gnomonic  projection,  86 

Goethite,  326 

Gold,  4 

Gold,  ores,  476 

tests  for,  264 
Goniometer,  78 
Gossan,  458 
G6thite,  326 
Granite,  454 
Graphic  determination  of  inJid 
Graphic    solution    of    a  ?ai 

triangle,  86 
Graphite,  259 
Graphitic  acid,  259 
Gray  copper  ore,  293 
Grossularite,  412 
Gypsum,  375 
Gyroid,  62 
Gyroidal  class,  62 
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tiabit,  crystal,  74 
HaUte,  297 
Haloids,  297 
Elardness,  scale  of,  107 
Heavy  liquids,  111 

spar,  370 
Hematite,  313 

brown,  328 
Heulandite,  441 
Hexagonal  system,  44 
Hexoctahedral  class,  56 
Hexoctahedron,  56 
Hextetrahedral  class,  60 
Hextetrahedron,  60 
Hiddenite,  465 
Holohedral,  25 
Hemihedral,  25 
Horizontal  dispersion,  150 
Hornblende,  403 
Horn  silver,  300 
Hubnerite,  382 
Hyacinth,  416 
Hyalite,  324 
Hydromagnesite,  351 
Hydroxids,  324 
Hydrozincite,  349 
Hypersthene,  395 

Ice,  308 

Iceland  spar,  120 
Idocrase,  377 
Igneous  rocks,  453 
Ilmenite,  408 
Imitative  forms,  67 
Inclined  dispersion,  150 
Inclusions,  77 
Index  of  refraction,  115 
Indicatrix,  136 
Indices,  Nuller,  17 
Indicolite,  392 
Intercepts,  16 
Interfacial  angle,  4 
Interference,  126 
colors,  125 


Interference  figure,  140 
Intrusive,  453 
Inversion,  7 
lolite,  430 
Iron,  267 
Iron-ores,  476 

pyrites,  282 

tests  for,  200 
Isomorphism,  173 
Isomorphous  mixtures,  175 
Isotropic,  137 

Jade,  466 
Jamesonite,  291 
Jargon,  378 
Jarnierite,  445 

Kainite,  374 
Kaolin,  437 
KaoUnite,  437 
Kidney-ore,  313 
Kunzite,  465 
Kyanite,  382 

Labradorite,  391 

Laccolite,  453 

Lamellar,  67 

Law    of    constancy    of    interfacial 

angles,  9 
Law  of  the  rationality  of  the  indi- 
ces, 19 
Laumontite,  442 
Lawsonite,  438 
Lazurite,  410 
Lead,  ores  of,  479 

tests  for,  201 
Lepidolite,  428 
Leucite,  393 
Light,  nature  of,  113 

polarized,  119 
Limestone,  457 

crystalline,  460 
Limit  form,  21 
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Limonite,  328 
Lithium,  tests  for,  201 
Ldllingite,  285 
Lubricants,  472 
Luster,  111 

Magma,  453 

Magmatic  differentiation,  454 

Magnesite,  340 

Magnesium,  tests  for,  201 

Magnetic  pyrites,  280 
iron  ore,  321 

Magnetite,  320 

Malachite,  348 

Malleable,  107 

Mammillary,  67 

Manganese,  ores,  478 

Magnanese,  tests  for,  201 

Manganite,  327 

Marcasite,  284 

Margarite,  431 

Measurement,  crystals,  78 
of  axial  angle,  160 
of  index  of  refraction,  158 
of  interfacial  angles,  4 

Meerschaum,  436 

Melaconite,  310 

Melanite,  411 

Melanterite,  378 

Menacconite,  408 

Mercury,  481 

Metals,  tests  for,  201 

Metasilicates,  392 

Metasomatic  replacement,  452 

Methylene  iodid.  111 

Mica,  production  of,  473 

Micas,  425 

Micaceous,  67 

Microcline,  388 

Microlites,  75 

Microscope,  123 

Miller  indices,  17 

Millerite,  279 


Mimetite,  358 
Mirabilite,  375 
Mispickel,  285 
Molecular  compounds,  169 
Molybdenite  272 
Molybdenum,  tests  for,  202 
Molybdates,  381 
Monazite,  353 
Monochromatic,  115 
Monoclinic  system,  31 
Muscovite,  426 

Native  copper,  265 

elements,  257 

gold,  263 

iron,  267 

platinum,  266 

silver,  264 
Natrolite,  444 
Negative  crystal,  78 

elongation,  136 
Negative,  optically,  138 
Nepheline,  410 
NepheUte,  409 
Niccolite,  279 
Nickel,  ores,  478 

tests  for,  202 
Nicol,  122 

prism,  122 
Niobium  minerals,  352 

tests  for,  202 
Nitrates,  486 

tests  for,  202 
Nitratine,  364 
Nodular,  67 
Normal  salt,  168 

Obtuse  bisectrix,  139 
Occurrence  of  minerals,  447 
Ocher,  470 
Octahedron,  57 
Oligoclase,  391 
Olivenite,  360 
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3Uvine,  413 
)nyx,  marble,  467 

Mexican,  467 
3pal,  324 
3pen  forms,  14 
3  pen  tube  tests,  183 
Optical  anomalies,  154 

character,  138 

constants,  158 

orientation,  156 

properties,  113 

tests,  211 
3ptic  axes,  138 
Dptics,  crystal,  113 
3rder  of  succession,  448 
Ordinary  ray,  120 
Dres,  474 

Organic  deposits,  457 
Drigin  of  minerals,  449 
Drpiment,  270 
Driental  amethyst,  411 
Orientation,  optical,  156 
Ornamental  stones,  467 
Orthoclase,  386 
Orthorhombic  system,  27 
Drthosilicates,  409 
Oxidizing  flame,  181 
Oxids,  305 

Paints,  mineral  used  as,  470 
Paper-making  materials,  472 
Paragenesis,  449 
Paragenetic  varieties,  449 
Paramorph,  452 
Parting,  105 
Peacock  copper,  289 
Pearl-spar,  338 
Pearly  luster.  111 
i^ectolite,  400 
^edial  class,  38 
Pedion,  11 
!*egmatites,  455 
Percussion-figure,  426 


Peridot,  466 
Peridotite,  454 
Petrifaction,  452 
Petrographic  microscope,  123 
Phantom  crystal,  76 
Phlogopite,  429 
Phosphates,  352 

tests  for,  203 
Phosphate  rock,  356 
Phosphorite,  471 
Physical  properties,  103 

tests,  210 
Picotite,  319 
Pinacoid,  11 
Pinacoidal  class,  37 
Pisolitic,  67 
Pitch-blende,  368 
Plaster,  472 
Platinum,  480 

tests  for,  266 
Pleochroism,  146 
Pleonaste,  28 
Plutonic  rocks,  453 
Polarized  light,  119 
Polarizer,  124 
Pole,  82 
Polybasite,  295 
Polymorphism,  172 
Polysynthetic  twin,  64 
Positive  elongation,  136 
Positive,  optically,  137 
Potassium  minerals,  188 

salts,  487 

tests  for,  203 
Precious  stones,  463 
Prehnite,  424 
Primitive  circle,  82 
Prism,  13 
Prismatic  class,  32 

habit,  75 
Projection,  gnomonic,  86 

linear,  87 

stereographic,  82 
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Proustite,  293 
Pseudomorph,  451 
Psilomelane,  330 
Pyknometer,  110 
Pyramid,  13 
Pyrargyrite,  292 
Pyrite,  280 
Pyrites,  59 
Pyroelectric,  431 
Pyrolusite,  316 
Pyromorphite,  357 
Pyrope,  374 
Pyrophyllite,  407 
Pyroxene  group,  393 
Pyrrhotite,  279 

Qualitative  scheme,  194 
Quarter-undulation,  135 
Quartz,  305 
Quartzite,  460 
Quartz-wedge,  144 
Quicksilver,  266 

Reagents,  list  of,  178 
Realgar,  270 
Reducing  flame,  181 

color  tests,  189 
Reflection  goniometer,  80 
Reflection,  total,  117 
Refraction,  115 

index  of,  115 
Refractometer,  159 
Refractory  materials,  469 
Regular  system,  55 
Relief,  118 
Reniform,  67 
Replacement,  451 
Rhodochrosite,  342 
Rhodonite,  400 
Rhombic  bipyramid,  28 
Rhombic  prism,  28 

system,  27 
Rhombohedral  class,  53 


Rhombohedron,  13 

RhyoUte,  454 

Rijght-handed  crystals,  152 

Rock,  140 

Rock  salt,  297 

Rocks,  classification  of,  447 

RubeUite,  430 

Ruby,  464 

Ruby  copper,  309 

Ruby  silver,  292 

RutUe,  315 

Sal-ammoniac,  299   . 
Salt,  297 

Salt  of  phosphorus,  l79 
Salts,  acid,  168 

basic,  168 

normal,  168 
Sand,  456 
Sandstone,  456 
Sapphire,  464 
Satin-spar,  375 
Scalenohedron,  13 
Scale  of  fusibility,  189 

hardness,  107 
Scapolite,  415 
Scheelite,  382 
Schist,  460 
Schorl,  431 
Secondary,  449 
Sectile,  107 
Selenite,  375 
Sensitive  tint  134 
Sepiolite,  436 
Serpentine  (mineral),  435 
Serpentine  (rock),  461 
Shale,  456 
Siderite,  341 
Silicates,  384 

tests  for,  203 
Sill,  453 
Sillimanite,  418 
Silver,  481 


INDEX 


521 


Silver,  cupellation,  189 

glance,  273 
Silver,  tests  for,  204 
Skeleton  crystals,  77 
51ate,  460 
5malt,  485 
5maltite,  283 
^mithfionite,  343 
3odalite,  410 
Sodium  salts,  487 
Sodium  tests  for,  204 
Solubility  tests,  190 
Specific  gravity,  109 
Specular  iron  ore,  313 
Specularite,  313 
Spessartite,  412 
Sphalerite,  275 
Sphene,  438 
Sphenoid,  11 
Sphenoidal  class,  37 
Spinel,  319 
Spodumene,  398 
Stalactitic,  67 
Stannite,  SiO 
Staurolite,  433 
Steel,  478 
Stephanite,  295 
Stereographic  projection,  82 
Stibiconite,  325 
Stibnite,  271 
Stilbite,  441 
Streak,  112 
Streak-plate,  112 
Striations,  oscillatory,  76 

twinning,  64 
Strontianite,  346 
Strontium,  tests  for,  205 
Subsilicates,  384 
Sublimates  on  charcoal,  185 

in  closed  tube,  183 

in  open  tube,  183 

on  plaster,  186 
Sulfantimonates,  288 


Sulfantimonites,  288 
Sulfarsenates,  288 
Sulfarsenites,  288 
Sulfates,  369 

tests  for,  205 
Sulfids,  269 

tests  for,  205 
Sulfo-acids,  288 
Sulfo-salts,  288 
Sulfur,  260 

production  of,  473 
Sulfuric  acid,  488 
Sylvanite,  286 
Sylvite,  298 

Symbols  of  crystal  faces,  15 
Symmetry,  5 

axis  of,  6 

center  of,  7 

composite,  7 

plane  of,  6 
Syenite,  454 
Synthesis,  mineral,  450 
Systems,  crystal,  25       t*.,  ... 
Symmetrical  dispersion,  150 

Table    of    elements    with    atomic 

weights,  164 
Table  of  the  mineral  products  of  the 

United  States,  462 
Table  of  the  32  crystal  classes  22-3 
Tables,  determinative,  453 
Tabular  habit,  75 
Talc,  406 
Tellurids,  269 
Tellurium  minerals,  269 

tests  for,  205 
Tenorite,  310 
Tetartohedral,  26 
Tetartoid,  62 
Tetartoidal  class,  62 
Tetartopyramid,  15 
Tetragonal  bipyramidal  class,  39 

system,  39 
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Tetrahedrite,  293 

Tetrahedron,  61 

Tetrahexahedron,  57 

Thoria,  488 

Tin,  ores  of,  482 

Tin,  tests  for,  206 

Titanite,  438 

Titanium,  tests  for,  206 

Topaz,  417 

Total  reflection,  117 

Tourmaline,  430 

Trachyte,  454 

Trapezohedron,  hexagonal,  13 
isometric,  56 
tetragonal,  13 
trigonal,  13 

Travertine,  464 

Tremolite,  402 

Triclinic  system,  37 
Trigonal  bipyramidal  class,  54 
pyramidal  class,  50 
^^     trapezohedral  class,  53 
^'frinior|>b::.D,  172 
Triphylite,  354 
Trisoctahedron,  56 
Tristetrahedron,  61 
Trona,  350 
Tufa,  calcareous,  459 
Tuff,  456 
Tungstates,  381 
«.  Tungsten,  tests  for,  206 
Turquois,  363 
Twin-axis,  63 
Twin-crystals,  63 
Twin-plane,  63  ^ 

Two-circle  goniometer,  8i 
Type  symbols,  17 

Ulexite,  367 
Uraninite,  368 
Uranium,  tests  for,  206 
Unit  series  of  bipyramids,  28 


Unisilicates,  384 
.  Urarovite,  412 

Vanadates,  352 
Vanadinite,  358 
Vanadium  miherals,  358 

ores  of,  478 
Vanadium,  tests  for,  207 
Vein  minerals,  458 
Veins,  457 
Vesuvianite,  415 
Vibration  directions,  133 
Vicinal  faces,  77 
Vitreous  luster,  1 
Vivianite,  360 
Volcanic  rocks,  453 

tuff,  456 
Vug,  67 

Wad,  331 

Water  of  constitution,  169 
of  crystallization,  169 
Wave-length,  114 
Wavellite,  362 
Weiss  symbols,  17 
Wernerite,  415 
Westphal-balance,  111 
Willemite,  414 
Witherite,  346 
Wolframite,  381 
Wollastonite,  399 
Wulfenite,  383 

Zinc  blende,  275 
Zinc  ores,  483 

oxid,  488 
Zinc,  tests  for,  207 

white,  488 
Zircon,  416 
Zinc,  tests  for,  207 
Zoisite,  421 
Zone,  5 

symbol,  89 
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